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ABSTRACT 
Textile industries consume large amount of water and dyes for different processes. 
The textile industrial effluents are causing a detrimental effect on soil and aquatic 
biodiversity. Conventional methods of treatment used are very expensive and least 
efficient. Environmental friendly, low cost and efficient methods are required, for this 
purpose present study was designed. Twenty one bacteria were isolated from textile 
affected soil, sludge and effluents of Hudiara drain in vicinity of Nishat Mills Limited 
5Km Off - 22Km Ferozepur Road Lahore, Pakistan. All the isolates were screened at 
50, 100, 150 and 200ppm of red, green, yellow and black textile dyes. The Isolates 1, 
3, 5, 7, 9, and 20 were screened on the basis of ability to degrade the dyes efficiently 
more than 60%, within 24h at 50, 100, 150 and 200ppm of red, green, yellow and 
black dyes. Four consortia (BMP1/SDSC-01, BMP2/SDSC-02, BBP/SDSC-03 and 
59 
 
BMP4/SDSC-04) were developed using combinations of these bacterial isolates. 
Among these, the consortium BMP1/SDSC-01 had maximum decolorization ability. 
It was 84% for green and red textile dyes while 85% for black and yellow. The pH, 
temperature and supplements were optimized to enhance the decolorization ability of 
the selected consortium.  The results indicated that decolorizing ability of consortium 
for the red, green, black and yellow dyes was high as compare to individual strains. 
The consortium was able to decolorize  84%, 84%, 85%, 85% and 82% of 200ppm of 
red, green, black, yellow and mixed dyes within 24h while individual strain were 
required 72h. Optimum pH and temperature were observed 7.5 and 37 0C 
respectively. On supplementing urea the consortium decolorized 87%, 86%, 89%, 
86% and 83% while on supplementing sodium chloride the consortium decolorized 
93%, 94%, 93%, 94% and 89% of red, green, black, yellow and mixed dyes 
respectively, which was maximum while in the presence of ascorbic acid and 
ammonium chloride it showed intermediate results. Moreover, effect of untreated and 
treated dyes was investigated on germination of Zea mays L. (Maize) and Sorghum 
vulgare Pers. (Sorghum).  
Bacterial consortia BMP1 (containing six isolates), BMP2 (three isolates) and BBP 
(three isolates) were capable of degrading red, green, black and yellow dyes and were 
resistant to heavy metals (Cu, Cd, Cr, Ni, Mn & Pb). They were equally beneficial for 
the reduction of other pollution parameters like colour, pH, EC, nitrogen, phosphorus, 
chloride, COD, BOD, TDS and TSS from textile effluents. The physicochemical 
characterization of textile effluents was carried out before and after treatment by 
consortia to sort out most efficient consortium. The results indicated that the 
consortium BMP1 showed maximum reduction of EC (52.98%), pH (11.85%), 
nitrogen (79.02%), phosphorus (68.78%), chloride (46.42%), BOD (59.49%), COD 
(61.35%), TDS (44.93%) and TSS (52.58%). It was also useful in reduction of heavy 
metals such as Cu (92.3%), Cd (89.46%), Cr (83.52%), Ni (80.7%), Mn (88.3%) and 
Pb (93.5%). Treated textile effluents were applied to maize (Zea mays L. CV C1415) 
seeds and results indicated non toxicity in maize as compared to untreated effluent. 
The current study revealed that utilization of bacterial consortium for textile effluent 
treatment could be an effective method. 
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Finally, a bioreactor was designed to attain efficient, cost-effective and 
environmentally reliable bioremediation system for the biotreatment of textile 
effluents to produce water for irrigation purposes. The consortium BMP1/SDSC-01 
was used in the bioreactor for the treatment of effluents. Bacterial obliteration from 
the biotreated textile effluents was done by using acetic acid, which proved efficient 
and result showed that bacterial growth was not possible in the presence of acetic 
acid. The treated and untreated textile effluents were applied on two common crops of 
Pakistan Zea mays L. CV C1415 (Maize) and Sorghum vulgare Pers. CV SSG5000 
(Sorghum) to monitor efficacy of bioremediated textile effluents. During experiment 
plant height, number of leaves, photosynthesis rate, transpiration rate, and biomass 
were measured. The results clearly indicated that in untreated effluents maize plant 
height, biomass, photosynthesis and transpiration were 93.26, 45.38, 9.11 and 0.41, 
respectively. Under irrigation of treated effluents, plant height, biomass, 
photosynthesis and transpiration were 124, 44.07, 16.95 and 0.84 respectively. Similar 
trend was observed in sorghum, its plant height increased to 115.8 from 85 
(untreated). Simultaneously, number of leaves, biomass, photosynthesis and 
transpiration were 8.62, 44.45, 13.29 and 0.51, respectively. The results are proving 
that bioreactor successfully reduced the toxicity level of textile effluents and can be 
used for irrigation purposes. This study will help to produce irrigation water from 
textile effluents at large scale in Pakistan by applying bioremediation.  
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CHAPTER # 1 
 
INTRODUCTION  
 
Over the last century, continued population growth and industrialization have resulted 
in the degradation of various ecosystems on which human life relies (Kunz et al. 
2002). In the case of oceans and rivers quality, such pollution is primarily caused by 
the discharge of inadequately treated industrial and municipal wastewater. 
Wastewater on its discharge contains high levels of inorganic and organic pollutants 
which adversely affect the ecosystems. These pollutants can be measured in the form 
of Total Suspended Solids (TSS), Biological Oxygen Demand (BOD), or Chemical 
Oxygen Demand (COD) in tens of thousands mg/L (Pino et al. 2006). Among the 
various industrial sectors, the textile and paper industries are especially problematic 
since they generate significant quantities of wastewater that may have a very 
detrimental impact when released into the environment without any treatment. The 
environmental problems associated with textile activities are caused mainly by the 
extensive use of dyes (Peralta-Zamora et al. 2003). A great number of these 
compounds are recalcitrant and have carcinogenic or mutagenic properties. Azo dyes 
are mostly used in the textile industry due to their extensive variety of color shades 
but they are recalcitrant xenobiotics (Wang et al. 2009).  
Freshwater has become a serious global issue because of its overexploitation 
in the world which is the major restraint to the future food security and sustainability 
(Rockstrom et al. 2009). Presently water crises are common features of the modern 
world. About 34 % of the world population is suffering with moderate to high water 
stress, this may increase to 50 % till 2030. Water becomes a limited resource at 
regional and local scales as consumption is exceeded to its renewability or is polluted 
(Page et al 2011; Domenech et al. 2013). Textile industrial effluents affect the water 
quality and pollute the ground water. It is responsible for the eutrophication, depletion 
of dissolved oxygen and reduction of solubility of gases (Talarposhti et al. 2001; Asad 
et al. 2007). The textile industry consumes large quantities of water 1 kg of fabric 
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requires about 150 liters of water; this generates huge amounts of effluents. These 
effluents contain considerable amount of suspended solids, additives, detergents, 
surfactants, carcinogenic amines, formaldehydes, heavy metals and dyes. Fluctuating 
pH, high temperature, COD and complex coloration are main characters of textile 
effluents as they pose serious environmental threats to receiving water bodies (Jadhav 
et al. 2010; Phugare et al. 2011).  
Textile dyes are classified according to their chemical structure (Somasiri et 
al. 2008). They are composed of chromophores and auxophores. Chromophores are 
group of atoms and their main function is to impart the color. Whereas, auxophores 
are the subunits which perform two functions. First they may withdraw or donate 
electrons and secondly they intensify the color. The most common and widely used 
chromophores are azo (-N=N-), methane (-CH=), carbonyl (-C=O) and quinoid 
groups. Similarly, common auxophores are carboxyl (-COOH), amine (-NH3) 
sulfonate (-SO3H) and hydroxyl (-OH) groups. Target colors are usually obtained by 
mixing blue, yellow and red dyes (Prasad and Rao 2010).   
Ozonation, photooxidation, electrocoagulation, adsorption, activated carbon, 
froth flotation, reverse osmosis, ion exchange, membrane filtration and flocculation 
are applied for color removal from textile effluents (Daneshvar et al. 2004). These 
physico-chemical methods are less efficient, expensive, of limited applicability and 
produce wastes mostly in the form of sludge, which are difficult to dispose off. 
Reduction of color from wastewater of dying units is a complex problem because of 
difficulty in treating such wastewaters by conventional treatment methods (Kumar et 
al. 2006). Conventional methods of wastewater treatment are normally used for 
treatment of all types of wastewaters especially textile effluent but those methods are 
very expensive and least efficient while biological treatment of wastewater is cost-
effective, efficient and environment freindly. Therefore these biological methods have 
got much attention now a day (Sagehashi et al. 2009). It is appropriate to promote the 
use of technologically simple and economically affordable wastewater treatment 
methods in removing pollution load from soil and water (Chen et al. 2010; Jain et al. 
2012).  
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 Bioremediation involves the use of living microbes to remove organic, 
inorganic pollutants and heavy metals (Bai et al. 2008). It is considered safe and 
economic alternative to physicochemical strategies due to their ability of self-
replenishment, continuous metabolic activity and the potential for optimization 
through development of resistant species and cell surface modiﬁcation. The 
ubiquitous nature of microorganism makes them invaluable tools in the biotreatment 
of textile effluents (Olukanni et al. 2006). A number of bioremediation approaches 
have been suggested to combat the pollution source in an eco-efficient manner 
(McMullan et al. 2001). Bacteria capable of dye decolorization, either in pure cultures 
or in consortia have been reported (McMullan et al. 2001; Pearce et al. 2003). The 
bioremediation methods engaged various microorganisms (bacteria and fungi) for the 
treatment of textile effluent. Even though a single bacterial or a fungal strain proved 
to be eﬀective in treatment especially for color removal in case of textile dyes. But the 
bioremediation of textile effluents has major drawbacks for its commercial adoption; 
this includes (a) maintaining of cultures in field and (b) the inability of degrading all 
deferent dyes (Somasiri et al. 2008). 
 It is difficult to obtain valuable microbes from numerous kinds of 
microorganisms for heavy metal bioremediation (Guo et al. 2010). The adaptation 
abilities and the remediation efficiencies of reported microorganisms are not enough 
for practical applications too. The mechanisms of bioremediation still need further 
understanding. As it is known that the mechanisms may facilitate the remediation 
efficiencies of valuable microbes and finally enable them feasible for practical 
applications. Important human attempts in the recent years are for the search of such 
microbes and an understanding of their genetics and biochemistry (Megharaj et al. 
2011). Microorganisms are one type of natural recyclers, they transform the complex 
toxic organic substances into simpler and non-toxic products such as CO2 and H2O. 
They have a wide scope in degrading the toxic xenobiotics as well as harmful 
pollutants including azo dyes which are health hazardous (Jain et al. 2005). A large 
number of azo dyes are released into water bodies by dying units due to inefficient 
usage in dying process and no treatment or improper treatment of discharge of 
effluents. Almost more than 50% of microorganisms or biological organisms like 
bacteria, fungi, algae, yeast etc. have capability to convert toxic azo dyes into less 
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harmful products but bacteria are preferable mostly because of cost effectiveness and 
feasibility (Saratale et al. 2013). Bacteria can be used to remove dyes, some new 
bacterial strains are capable of decolorizing a broad-spectrum of dyes have also been 
isolated and characterized. Though many works have been conducted on the 
decolorization of dye by bacteria, much work is still required to isolate new 
indigenous bacteria capable of degrading a wide range of structurally different dyes. 
The study of their physiological characteristics and underlying mechanisms of dye 
biodegradation at specific temperature and pH is much important (Sarioglu et al. 
2007; Deng et al. 2008; Wang et al. 2009).  
Contributing  the major fraction of the BOD, colour  is  the  first  contaminant  
to  be recognized in textile effluent and should  be removed before discharging  into  
water  bodies (Hsueh and Chen 2008).  Presence  of colour  in effluent gives an  
indication of water being polluted  which  will  damage  the  receiving  water bodies,  
when discharged untreated. The discharge of dyes is toxic to food chain organisms 
and to aquatic life (Murugalatha et al. 2010).  Azo dyes are diﬃcult to decolorize 
because of their complex structure and synthetic origin and feasibility. The azo 
anthraquinone, sulfur, indigoid, triphenylmethyl, and phthalocyanine derivatives are 
the most frequently used dyes on industrial scale. Biodegradation of azo dyes is 
possible if the azo bond is ﬁrst reduced. The method of microbial degradation of 
colors involves the reductive cleavage of azo bonds (–N=N–) with the help of azo 
reductase in anaerobic conditions resulting in the formation of colorless solutions. It is 
fact that almost 60-70% of all textile industries release azo dyes containing one or 
more than one azo bonds in their effluents (Saratale et al. 2013).  
Ability of isolates can be enhanced by changing different physiochemical 
parameters, like, pH, temperature, carbon and nitrogen sources, etc. (Saratale et al. 
2009). Among carbon sources glucose, starch, rice husk, agricultural waste, baggase 
and rice straw are commonly used. Similarly, yeast extract and urea are common 
nitrogen sources. Simultaneously, sodium chloride and ammonium chloride are 
mineral sources. Those bacteria which can work at wide range of abiotic factors are 
considered more suitable because in nature abiotic conditions keep on changing with 
time. Wide range tolerance also gives such bacteria an advantage over other local 
flora and fauna (Megharaj et al. 2011).     
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Permanent decolorization of the azo compounds occur on cleavage of azo 
bond but the intermediates can be re-oxidized to colored byproducts. Various strains 
may attack dye molecule at different positions or may use decomposed products 
produced by another strain for further decomposition (Forgacs et al. 2004). The 
effectiveness of microbial decolorization depends on the adaptability and the activity 
of selected microorganisms (Saratale et al. 2009). Generally, the addition of external 
carbon sources results in higher biodegradation. Most reduction occurs during active 
bacterial growth (Ong et al. 2012). Improper textile effluent disposal leads to the 
decline in sunlight and dissolved oxygen which causes severe environmental 
problems in developing countries. Still very less experimental evidences are available 
to disclose the mysteries of biodegradability of textile dyes (Zhang et al. 2010).   
The toxicity of heavy metals by textile industrial activities are exerting failure 
threats to the biological treatment processes by affecting plants and microbes (Guo et 
al. 2010). Heavy metals (cadmium, lead, copper and chromium) which are usually 
occurred in contaminated soils and effluents produce mineral deﬁciency symptoms in 
plants (Tigini et al. 2011) Heavy metals are often used in different textile processes 
and are frequently found in textile wastewaters in free ionic or complex compound 
state (Zahoor and Rehman 2009). When these heavy metals reach the water bodies 
they settle down in the sediments and accumulate in bodies of aquatic organisms on 
inhalation thus causing serious health impacts leading to the death of those organisms 
(Phugare et al. 2011). Accumulation of heavy metals in humans retard growth & 
development, mental health and initiate carcinogenesis (Shakoori et al. 2010). 
 Land irrigated with textile effluents causes serious impacts on plant growth as 
soil can act as a sink for heavy metals and other resistant chemicals as a result 
productivity is reduced in such soils. Metals leaching cause contamination of ground 
water. These contaminants enter in the food chain and become health risk for plants, 
animals and humans (Ross 1994). Hyperaccumulator bacteria are the potential 
candidate for bioremediation of heavy metals. For example, Bacillus sp. L14 has the 
potential to accumulate 10mg/L of chromium (Guo et al. 2010). However treated 
textile effluent could be a good source of irrigation water. Investigation of pollutants 
impacts on plant growth could be of prime importance as plants are commercial 
products of a country (Jadhav  et al. 2010). 
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The removal of pollutants represents the most frequent task of bioremediation 
(Jain et al. 2012). Mostly a simple one step process is not possible, usually a sequence 
of biological transformations is needed to eliminate particular substance. Such a 
sequence may arise by the development of a microbial community called a 
consortium comprising populations with particular bio-transformation activities. It 
may happen that in the chain of reactions the intermediate could be more harmful than 
the pollutant. If the rate of transformation is slower, the harmful intermediate will be 
accumulated and the process fails to meet expected results (Drobnõk 1999).  
Microbial consortia have been widely used in cleanup of a number of pollutants in 
laboratory and ﬁeld bioremediation studies. It is generally thought that microbial 
consortia are more effective than pure cultures in biodegradation. This is possibly 
because broader enzymatic capacity is achieved and the formation of toxic 
intermediate metabolites is counteracted by the selection of these dead end products 
formed mainly by co-metabolism processes (Mao et al. 2012).  
 
Genetically modified bacteria can be used for bioremediation by constructing 
a strain with an enhanced expression of enzymatic system transformations (Drobnõk, 
1999). But the introduction of such strain in the natural environment needs to ensure 
two things; first, the genetically modified bacteria must have the ability to co-exist 
with indigenous flora and fauna without disturbing their ecology, second, before 
release the genetically modified organisms must fulfill all rules and regulations set by 
WHO. However the removal of textile carcinogenic pollutants can be made possible 
by developing a microbial consortium comprising populations with particular bio-
transformation activities. Therefore, isolation of indigenous bacteria can be preferred 
over genetically modified bacteria (Mahmood et al. 2012).  
 
Bacteria express their full capacity to degrade the pollutants in optimal 
conditions. Temperature, pH and supplements have great influence on their growth 
(Jain et al. 2012; Mao et al. 2012).  Due to ubiquitous nature of bacteria, they can be 
used as invaluable tools for the biological treatment of textile effluents. As a 
preliminary step in the development of textile effluent biological treatment, there is 
need to isolate bacterial strains with potency to decolorize and degrade textile dyes 
and remove other pollution parameters (Olukanni et al. 2006). A number of bacterial 
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species belonging to genera Bacillus, Exiguobacterium, Lysinibacillus, Micrococcus, 
Proteus, Pseudomonas, Sphingomonas and Staphylococcus were reported to be used 
efficiently in bio-treatment of textile dyes. (Ayed et al. 2011; Chen et al. 2011; 
Saratale et al. 2009; Kabra et al. 2013; Saratale et al. 2013; Wang et al. 2013). It is 
necessary to eliminate these indigenous bacteria after the bio-treatment of textile 
effluent prior to discharge. For this purposes suicidal genes have been used which are 
also risky to the environment. Environmental stresses like weak acid, oxidative stress, 
antibiotics and heat can be used. Among them use of weak acid is a good choice 
because it is economical and simple in usage.  Acetic acid is widely used as 
preservative to prevent microbial growth on food stuff, and can be used for 
programmed cell death. The utilization of a natural compound (acetic acid) to induce 
programmed cell death in bacteria responsible for decolorization is safer than the use 
of antibiotics, suicide plasmids and killer genes (Gomaa 2012).  
Bacteria are the source of azoreductases and are used to isolate enzymes to 
perform the activities of removing dyes (Cui et al. 2012). Azoreductases break azo 
bond with a cofactor NADH. Oxygen insensitive azoreductase also have dyes 
degradation characteristics. An integrated enzyme system is preferred over engineered 
bacteria because they have potential risks to ecological systems. Sensitive analysis is 
used by artificial neural network model which gives the ratios at which enzyme 
system removes dyes. Batch results confirm that integrated enzyme system has 
potential for removal of dyes. Dyes also are removed by induction of azo-reductase 
enzyme and cytochrome P-450. Genotoxicity studies reveal that bio-transformed 
products of textile dyes by enzymatic system of bacteria removal are non-toxic 
(Kolekar et al 2012; Yang et al. 2013).  
Biodegradation and bacterial tolerance is dependent on the enzymes 
availability (Liu et al. 2009). Rather than using bacterial cell, extracted enzymes can 
also be used for bioremediation purposes. Utilization of degrading enzymes have 
some properties such as low energy requirement, minimum operation cost and eco-
friendly nature which make them suitable for treatment of textile effluents. Laccases 
are the enzymes which can be used for biotreatment of dyestuffs. Information 
regarding effluent treatment by lacases is available in the literature but potential of 
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other enzymes (oxidases and reductases) is yet to be explored. The textile effluent 
treated by enzymes can be reused in dying processes (Wang et al. 2013). 
The toxicity of textile effluents is the major constrain to its biological 
treatment because even a single molecule of textile dye can be very toxic for animals 
and plants due to its mutagenic nature (Tigini et al. 2011). For biological treatments 
the microbes must be resistant against textile effluents, as well as its metabolites. 
These untreated effluents ultimately enter into water bodies through water channels 
and disturbs both biotic and abiotic components of ecosystem. Genotoxic and 
cytotoxic effects of textile effluents on the plant root cells were previously 
demonstrated but other toxic effects of these effluents on plants are yet to be studied 
(Phugare et al. 2011). The problem is further aggravated due to the use of synthetic 
dyes. Many of them are persistent in nature and do not undergo degradation easily and 
also have the bioaccumulation tendency. These bioaccumulated dyes thus adversely 
affect all the levels of food chain as well as ecosystem. For that, it is necessary to 
investigate the mode of action of pollutants in an ecosystem. All over the world the 
researchers have highlighted the significance to appraise effluent eco-toxicity (Tigini 
et al. 2011).  
Phytotoxicity is most studied parameter amongst the toxicity assays (Khandare 
et al 2013). The literature showed that the effect of detoxified textile dyes and 
effluents is evaluated on common crops only at germination stage (Saratale et al 
2013). To get comprehensive insight it is necessary to check the effects of detoxified 
textile effluent on the whole growth period of the crops. An assessment of the 
ecological impact of the environmental pollutants on the plant populations is of great 
importance as plants are important commercial products and are consumed by 
humans. Moreover, plants may be used as biosensors of genetic toxicity of the 
environmental pollutants (Jadhav et al. 2010).  
Disposal of untreated dyeing effluents in water bodies might cause serious 
environmental and health hazards (Khandare et al 2013). Water is being used for 
agriculture purpose shows toxic effect on the germination rates and biomass of several 
plant species, which play an important role in ecological function such as providing 
the habitat for wildlife, protecting soil from erosion and providing bulk of organic 
matter that is so signiﬁcant to soil fertility. The textile industrial effluents on 
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discharge to the environment without treatment cause the harmful impacts on the 
nearby ﬂora and fauna. Thus, it was of concern to assess the phytotoxicity of the azo 
dye before and after degradation. Phytotoxicity test in relation to different plants 
demonstrated that the biodegradation products did not interfere with the germination 
of plant seeds.  The phytotoxicity studies have revealed that the metabolites generated 
after the biodegradation are less toxic than the original dye (Saratale et al. 2013). 
1.1 AIMS AND OBJECTIVES 
Industrial  effluents (especially textile effluents)  are  polluted  by  the  presence  of 
dyes and  hazardous  chemicals  or  byproducts  causing a detrimental effect on  the 
operation of  the biological  treatment systems containing macro-organisms i.e. plants. 
Thus,  biological  treatment by macro-organisms,  known  to  be  an  effective  and  
efficient  technology  in wastewater  treatment  applications,  cannot  be  directly  
employed  in  those  situations but utilization of indigenously isolated bacteria can 
play a vital role in the degradation of pollutants present in the textile effluent directly.  
There is still room for research to unravel the potential of indigenous microbes for the 
rehabilitation of the natural resources. However there is need to treat mixture of dyes 
as dyes are mostly present in mixture form in the textile effluent. The current study 
was designed to seek the bioremediation potential of indigenous bacteria by isolating 
them from textile effluents, sludge and textile effluent affected soil. This study is 
expected to promote the biotreatment of textile effluents by indigenous bacteria. This 
project may provide eco-friendly solution for textile industrial wastewater treatments 
so that it can be reused for irrigation purposes. 
Following are the specific objectives of the present study: 
1. Isolation, screening and identification of the indigenous bacteria from textile 
effluent contaminated sites and optimization of their growth. 
2. Characterization of the textile effluent for its physiochemical parameters before and 
after treatment with indigenous strains of bacteria. 
3. Exploring the potential of indigenous bacterial culture for degradation of pollutants 
present in textile industry effluent. 
4. Effect of untreated and treated textile effluents on the germination and growth of 
Zea mays L. (Maize) and Sorghum vulgare Pers. (Sorghum). 
70 
 
 
Flow chart showing various phases of present study 
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CHAPTER # 2 
LITERATURE REVIEW  
 
Textile industries in Pakistan are contributing lot of pollutants in water bodies. 
Suspended solids, additives, detergents, surfactants, carcinogenic amines, 
formaldehyde, heavy metals and dyes are the major pollutants found in industrial 
effluents. These pollutants are disturbing aquatic ecology and causing damage to 
public health. Use and preparation of dyes are the necessary evil of the modern life 
because of their consumption in number of industries such as food, textile, paper, 
plastics and pharmaceuticals. Release of dyes into environment directly impacts the 
whole ecology of the water bodies by imparting colour and carcinogenic compounds. 
In the last few decades extensive research has been carried out on the removal of 
these dyes (Ali et al. 2009; Hayyat et al. 2013).  
Traditional treatment methods of industrial wastewater are costly and produce 
secondary contaminants, which are toxic and carcinogenic in nature. In this respect 
bacterial degradation of these pollutants could be a cost effective and environment 
friendly technique. Biochemical approaches has got more attention because of their 
easy handling and environment friendly nature. Crude enzyme extracts, 
microorganisms and other species isolated from water, wastewater, sludge and soil, 
are used extensively for the bioremediation wastewater and contaminated soils. 
Biochemical assisted transformation of organic pollutants to simple compounds in 
industrial effluent is explored to a large extent (Rauf and Ashraf 2012) and it is 
observed that the natural bioremediation plays an important role in the removal of 
these pollutants by different aerobic and anaerobic microorganisms (Ali et al. 2009). 
If the natural ability of these microbes is enhanced by using different technologies, 
this would be a great achievement for the treatment of textile effluent by indigenously 
isolated bacteria. For this purpose the current literature review was carried out.  
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2.1 ISOLATION OF BACTERIA FOR DECOLORIZATION 
As a preliminary step in the development of biological treatment for textile effluent, 
there is a need to isolate bacterial strains with a potential to decolorize and degrade 
textile dyes and remove other pollution parameters (Olukanni et al. 2006). A number 
of bacterial species belonged to genera Bacillus, Exiguobacterium, Lysinibacillus, 
Micrococcus, Proteus, Pseudomonas, Sphingomonas and Staphylococcus were 
reported to be used efficiently in bio-treatment of textile dyes (Saratale et al. 2009; 
Ayed et al. 2011; Chen et al. 2011; Kabra et al. 2013; Saratale et al. 2013; Wang et al. 
2013). In a study conducted in Jetpur Gujarat, samples of soil were collected from 
dyes contaminated site and bacterial consortia were isolated from those samples. A 
consortium (JW-2) was selected out of three consortia depending upon its efficiency 
for dye removal. Consortium JW-2 consisted of three isolates, Paenibacillus 
polymyxa, Micrococcus luteus and Micrococcus sp. It showed faster decolorization of 
textile dyes (Reactive Violet 5R having concentration of 100 ppm within 36 h) 
whereas individual isolates of this consortium could not show enough decolorization 
even on extended incubation. JW-2 showed efficient results at pH range of 6.5-8.5 
and temperature range of 25-37 0C. It showed complete decolorization using glucose 
(0.1% w/v) and yeast extract (0.05% w/v). However cheaper carbon source starch 
could be used instead of glucose. Because of its ability to decolorize nine out of ten 
dyes tested and was also capable of decolorizing mixture of these dyes in an 
appropriate bioreactor (Moosvi et al. 2007).  
Another study for isolation of indigenous bacterial strains was conducted at cross 
Strait Taiwan and China in which two new bacterial isolates, DX2b and SH7b having 
the ability to decolorize textile dyes were isolated from freshwaters and seawaters. 
Azoreductase activity assay was performed and intermediate compounds were 
confirmed in parallel with reductive decolorization by DX2b and SH7b. Han et al. 
(2012) identified Acinetobacter guillouiae, Microvirgula aerodenitrificans, and 
Pseudomonas sp. by 16S rRNA gene analyses. The results indicated that 
decolorization was due to the synthesis of azoreductase and riboflavin reductase by 
these new strains (Han et al. 2012).  
73 
 
For the decolorization of textile dyes six bacterial strains were isolated from mud of 
lakes and sludge samples. Among them only one (Aeromonas hydrophila) was able to 
decolorize the textile effluents at require level. Aeromonas hydrophila showed high 
performance in anoxic anaerobic culture than static aerobic condition (Chen et al. 
2003). The textile dye Orange-3R was decolorized by four bacterial isolates (Bacillus, 
Pseudomonas, Klebsiella and Salmonella) isolated from textile effluents. The effect of 
inoculums size, temperature and pH as well as carbon and nitrogen sources for all the 
bacterial isolates were studied. The results indicated that in aerobic conditions Orange 
3R was degradable. Bacillus and Pseudomonas species were found to be more 
efficient in decolorization than Klebsiella and Salmonella spp. Bacteria isolated from 
the textile effluent were found efficient in decolorization and degradation of Acid Red 
128 (Azo dye) instead of adsorption of this dye (Prasad and Rao 2011). In a recent 
study Bacillus sp. YZU1 was isolated from soil collected in near vicinity of a textile 
factory for the decolorization of Reactive Black 5. In static conditions with pH 7.0 
and 40 0C the bacterial strain decolorized 95% textile dye (100 mg/l) in 120 hours 
(Wang et al. 2013). 
The   selections of microbial strains based their effective decolourization ability of 
medium by visible observation and UV-Vis spectral measurements. A total of 67 
different bacterial strains were isolated from the sediments of textile industrial 
discharge. The bacterial strains  for  each  selective  dye  was  identified  as 
Pseudomonas  aeruginosa  (Yellow  MR),  Alcaligenes faecalis (Blue MR), Proteus 
mirabilis (T Blue G), Serratia marcescens  (Red  MS  B)  and  Bacillus  licheniformis 
(Orange  M2K)  by  morphological,  physiological  and biochemical characters. The 
dye degradation by the bacterial strains was observed from 6.5 to 7.5 pH range, 35 to 
45°C with 100 mg/l dye concentration in static condition for 3 days of incubation 
(Neelambri et al. 2013).  
The studies also showed that thermophilic bacteria and halophilic bacteria were 
isolated for the decolorization of textile dyes. Thermophilic bacterial strains 
(Anoxybacillus pushchinoen-sis, Anoxybacillus kamchatkensis and Anoxybacillus 
ﬂavithermus) were isolated from thermal regions in Spain. These microbes were 
reported to decolorize di-azo Reactive Black textile dye efficiently. This study also 
showed that these thermophilic bacteria were first time used to investigate 
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decolorization in aeorobic conditions (Deive et al. 2010). Strains of halophilic 
bacteria were reported to decolorize textile dyes. Among 27 bacterial strains only 
three showed significant decolorization ability. These strains indicated to decolorize 
azo dyes in broad range of NaCl concentration at different temperatures and pH. 
Spectrophotometric analysis showed that decolorization of dyes was due to 
degradation instead of surface adsorption (Asad et al. 2007).  
2.2 DECOLORIZATION AND DEGRADATION OF TEXTILE DYES 
Efforts were started to isolate bacteria for degradation and decolorization of textile 
dyes especially azo dyes about 40-50 years before (Kaushik and Malik 2009). 
Bacteria showed faster decolorization than fungi. Normally, azo dye decolorization is 
done under anaerobic, aerobic and facultative conditions by various bacteria. In 
degradation of azo dyes, azo bond breaks by azoreductase enzyme anaerobically 
leading to formation of colorless hazardous amines. Decolorization of textile effluents 
by bacteria can cover variety of azo dyes. Decolorization of textile dyes needs organic 
carbon for energy source. Degradation of dyes under anaerobic conditions depends 
upon organic carbon and structure of dye as well. It was reported that acidogenic and 
methanogenic bacteria were used to decolorize textile dyes (Bras et al. 2001). 
Likewise anaerobic conditions, under aerobic conditions also various bacterial strains 
have been used in decolorization and these require carbon as energy source (Stolz 
2001). Some bacteria can use energy from azo compounds by breaking azo bond. 
Such bacteria are Xenophilus azovorans KF 46 and Pigmentiphaga kullae K2 that 
grow aerobically on carboxy orange (Kaushik and Malik 2009).  An obligate aerobic 
bacteria Sphingomonas sp. was isolated with ability to grow on azo dye AO7 and used 
it as carbon and energy source Coughlin et al. (1999).  It degraded only 1-amino 2-
naphthol, a component of amines but similar azo dye, such as AO6 lacking this 
structures, was not decolorized.  
Present conventional treatment methods were proved not sufficient for the treatment 
of textile effluents due to high load of pollution. The isolation and enrichment of 
bacterial cultures are considered important a new biomass media now a day, which 
have the ability to decolorize the textile effluent containing dyes. Several studies were 
conducted for the degradation and decolorization of textile dyes. Textile dye effluent 
and its decolorization were done in a batch system by mixed culture. The maximum 
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removal of mixed cultures was 94.9% (Reactive Red RB) 91% (Reactive Black B) 
and 63.6% (Remazol Blue) within 24 h incubation period. By using Reactive Red RB 
82-98% decolorization was obtained after 12h of incubation at 350C. Mixed cultures 
can serve an efficient biomass for reactive textile dyes and textile effluent treatment 
(Cetin and Donmez 2006). 
The methyl red is a textile dye belongs to azo group and recalcitrant in nature, burden 
on the environment due to its solubility in water. In a study conducted by Ayed et al. 
(2011) Sphingomonas paucimobilis, was isolated from local dyeing industry in 
Tunisia for the decolorization of the methyl red. Methyl red (750 ppm) was 
decolorized 99% by the S. paucimobilis at shaking condition within 10 hours. The 
degradation of methyl red was possible through a greater range of pH (3 to 11) and 
temperature (5 to 40 °C). The degradation was characterized by UV–visible and 
Fourier Transform Infrared Spectroscopy while toxicity was evaluated by Artemia 
salina.  In another study Zhang et al. (2010) indigenous strains of bacteria were 
explored for the decolorization and degradation of textile dyes from most biological 
rich area of Taiwan. Isolates were obtained through serial selection using fungicide 
and model textile dyes. Synthetic textile dyes are mostly recalcitrant compounds that 
are intricate to degrade. Pseudomonas putida was used to decolorized crystal violet, 
safranin and trypan blue (200 mg/L of each) at pH 7 and 30°C. Higher decolorization 
was observed in static than agitated condition (Sneha et al. 2013).  
In a recent study by Paul et al. (2013) microbial decolorization of Reactive Red-120 
dye (RR-120) was carried out in response to low dose irradiation pretreatment on 
Pseudomonas sp. SUK1. The decolouration of 150 ppm dye was 27%, 56% and 66% 
resulted when applied 0, 0.5 and 1 kGy irradiation doses respectively. In the same 
way, 70%, 88% and 90% TOC removal was resulted when 0, 0.5, and 1 kGy doses 
were used (Paul et al. 2013). The decolorization and degradation of reactive blue 59, 
aerobic granules were developed from waste water sludge. The results showed that, 
55.5 % reduction was occurred when dye concentration was 5 g/l in 24 hours. The 
microbial communities present in granules were responsible for the decolorization and 
degradation of reactive blue 59. Bio-transformed metabolites of reactive blue 59 were 
non toxic for the earthworms (Kolekar et al. 2012). A consortium was developed 
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(having four bacterial isolates) to decolorize and degrade the triphenylmethane dyes. 
These strains were efficient in color removal individually and will take time about 24 
h for 50 mg/l dye but when they combined in a consortium time was reduced to 2 h 
for the same amount of dye. For the monitoring of color removal and degradation uv 
spectrophotometer and FTIR analysis were used. They also used bacterial cell growth 
to analyse color removal and degradation (Cheriaa et al. 2012).  
Printing and dyeing effluents has high alkaline pH of 9.0-13.0, decolorization of such 
effluents is major problem, which can be mitigated by isolating alkaliphilic bacteria. 
Planococcus sp. MC01 (CGMCC 4771 =KCTC 33120) was ﬁrst reported as 
alkaliphilic facultative anaerobe capable of decolorizing Orange I under alkaline 
conditions, it effectively reduces anthraquinone-2, 6-disulphonate, humus analog 
(AQDS) and decolorize Orange I upto 94.0% under alkaline and anaerobic conditions. 
The electron donor (acetate, glucose, sucrose, and lactate) were proved to be helpful 
in decolorizing Orange I under alkaline conditions (Ma et al. 2013). A microbial 
strain (Bacillus cereus) was isolated from river sediment which was reported to 
decolorize azo dyes. Reactive black B was decolorized efficiently by this strain and its 
toxicity was tested on Chlorella vulgaris a green algae.  The results showed that 48 
ppm of the dye was toxic for C. vulgaris. Additionally it was also studied that the 
strain was remained live for 12 days in river sediments after incubation (Liao et al. 
2013). Thermophilic bacteria can also be used for decolorization of textile dyes. Three 
thermophilic bacteria (Anoxybacillus pushchinoen-sis, Anoxybacillus kamchatkensis 
and Anoxybacillus ﬂavithermus) were used to decolorize and degrade di-azo Reactive 
Black textile dye in ﬂask cultures and they showed 70% degradation. The results 
showed that in a bench scale bioreactor the decolorization was twofold higher than 
flask culture at 650C (Deive et al. 2010). Efficient results were observed in 
decolorization of malachite green by using Deinococcus radiodurans R1. The 
optimum temperature and pH were 25-500C and 6-8 respectively. This strain resulted 
more efficient than that of other microbes (Lv et al. 2013). Textile industries a major 
source of industrial effluent which contaminate water bodies. Microbes used in color 
removal of textile dyes are used in two ways: bioaccumulation, in this dye adsorb 
microbial cell wall and depends upon biomass of media; and biodegradation, in this 
oxidation of dyes are caused by enzymatic system. Results showed colored colonies 
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of microbes which showed adsorption of color and hence biodegradation indicated. 
Although the rate of color removal was not accurately known but only color removal 
abilities of strains were found (Yu and Wen 2005; Asad et al. 2007; Silveira et al. 
2009). For the decolorization of textile dyes, it is important to have more active and 
versatile bacteria because of number of dyes are used in textile industry. There are 
different techniques in molecular biology, for instance cloning, heterologous 
behavior, random mutagenesis, directional mutagenesis, genetic recombination, 
directional evolution, rational design and metagenomics, in order to speed up 
evolution in a manner to improve bioremediation. In addition to that, genetic 
engineering made feasible to clone desired gene and inserting it to appropriate host. It 
can be used for biodegradation process also, as required enzymes can be used in 
genetic engineering to get more efficiency in process (Zeyaullah et al. 2009; Desai et 
al. 2010). But the introduction of genetically modified micobes in the natural 
environment needs to ensure two things; first, the genetically modified bacteria must 
have the ability to co-exist with indigenous flora and fauna without disturbing their 
ecology, second, before release the genetically modified organisms must fulfill all 
rules and regulations set by WHO (Drobnõk 1999). However the removal of textile 
carcinogenic pollutants can be made possible by isolated indigenous bacteria. 
Therefore, isolation of indigenous bacteria can be preferred over genetically modified 
bacteria (Mahmood et al. 2012). 
2.3 EFFECT OF PH AND TEMPERATURE ON DECOLORIZATION OF 
TEXTILE DYES 
Different factors like temperature, pH, and dyes concentration are important in 
decolorization, so it is important to get optimal conditions to get maximum efficiency. 
Research indicated that temperature and pH has significant impact on process of 
decolorization. Optimal range of pH ranged from 6.0 to 10.0, and increase and 
decrease in pH slower the process. It was considered that transportation of dye 
molecules across cell membrane is related directly to pH and due to enzymes 
sensitivity towards pH (Chen et al. 2003).  Temperature effect is very important in 
processing likewise pH as efficiency in color removal is achieved at optimal 
temperature. Study revealed change in temperature alter growth rate, biomass yield, 
and mode of action (Yu et al. 2001). Rise in temperature denatures of bacterial 
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enzymes and leads to cell death. In a study conducted by Chen et al. (2003), pH and 
temperature was set between 5.5-10 and 20-350C for anoxic anaerobic culture. The 
rate of decolorization under static condition was effective at 350C and 8 pH. Starch 
was used as carbon and peptone was used as nitrogen source by Prasad et al. (2011). 
Textile effluent was completely decolorized in 20h at 300C and 7 pH (Phugare et al. 
2011). The culture had maximum decolorizing potential at pH 7-8 and temperature 
range of 30-350C (Sivaraj et al. 2011). pH ranging from 6.5 to 7 in static anoxic 
condition was suitable to degrade 50mg/l of Red BLI (Kalyani et al. 2008). Rate of 
decolorization increases with the increase in temperature from 25 to 370C, where as 
further increase in temperature from 37 to 450C decreased the rate of decolorization 
(Shah et al. 2012). Maximum decolorization was observed at 7 pH and 370C (Jain et 
al. 2012). Another study revealed that maximum decolorization occurred in 48h at 
300C and at 7pH (Gomare et al. 2009).  
The stain YZU1 showed high ability to decolorize different reactive textile azo dyes 
at static conditions i.e. pH 7.0 and 400C (Wang et al. 2012). A concentration of 500 
ppm of Remazol Black was decolorized up to 96% within pH range of 3 to 11 (De 
Souza et al. 2010). The decolorization of anthraquinone and azo dyes was done in 
anaerobic conditions at 300C and pH 7 (Wang et al. 2009). Mixture of dyes was 
degraded by the consortium in nutrient broth at static conditions at pH 5 and 500C 
temperature (Joshi et al. 2010). pH range of 7-9 and treatment time of 7 days was 
found optimum for decolorization of methyl orange by Pseudomonas luteola (Hsueh 
and chen 2008). pH range of 4-7, temperature 30-400C and concentration 40-120 mg/l 
were best for color removal by Proteus mirabilis. Sphingomonas paucimobilis 
showed decolorization efficiency of 99.63 % at pH 9, temperature 300C in 10 hours 
(Ayed et al. 2011). Bacteria and yeast consortium BL-GG is known to be the best 
decolorization method in terms of efficiency i.e. 98% in 18h at pH 9 and temperature 
of 400C in static conditions (Kurade et al. 2012). Bacillus cereus strain HJ-1 was used 
to decolorize reactive black B dye at pH 8 and temperature 25oC in static conditions 
(Liao et al. 2013). pH 8 and temperature 35oC in static conditions are effective 
conditions for decolorization (Prasad and Rao 2010).  Aeromonas hydrophila 
decolorized 90% red RBN dye (3000mg/l) in 8 days (Chen et al. 2003). Khehraa et al. 
(2005) in their study on decolorization of acid red showed that the consortium 
completely decolorized Acid Red-88 (20 ppm) within 24h while individual time taken 
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by bacteria was upto 60h. Some azo dyes (C.I. Acid Red 119, C.I. Acid Red 88, C.I. 
Acid Red 97, C.I. Acid Blue 113 and C.I. Reactive Red 120) were also used to screen 
this consortium by using mineral salts medium. The use of consortium HM4 in 
bioreactor to decolorize the textile effluent was suggested by Khehraa et al. (2005). 
Decolorization occurred due to biological degradation and nitrogen sources (peptone 
and yeast extract). These nitrogen sources strongly affect the rate of biological 
degradation (Chen et al. 2003). Kalyani et al. (2008) observed that the isolate has 
ability to degrade 50mg/l of red BLI (99.28%) within one hour. The Ranocid Fast 
Blue, Bordeaux, Congo red and blue BCC also decolorized upto 80-96%, when 
10ppm concentration of each was used (Tony et al. 2009).  
A study showed that 200ppm of dye was decolorized up to 95.5% in 36h (Wang et al. 
2009). In 36 hours low concentration of dye (150ppm) was decolorized up to 72% by 
the strains, where as high concentration of dye (300ppm) was decolorized 55% after 
42h (Sivaraj et al. 2011). Shah et al. (2012) found that the isolated strain could 
decolorize cyanuric chloride under static anoxic conditions after 16h. Under static 
conditions the mixed culture was capable of decolorizing 200ppm of dye in 18h (Jain 
et al. 2012). The decolorization of Golden Yellow–HER was observed under static 
conditions by using 50ppm concentration and found that 87% decolorization occurred 
(Gomare et al. 2009). The decolorization of Reactive Black-5 by Bacillus sp. (YZU1) 
was maximum at concentration of 100ppm i.e. 95% in 120h (Wang et al. 2012). 
Portulaca grandiflora (Moss-Rose) consortium reactor revealed 89% dye removal in 
48h (Khandare et al. 2013). Alkaliphilic facultative anaerobe Planococcus sp. 
MC01was isolated which decolorized Orange I under alkaline conditions at high 
alkaline pH of 9.0-13.0. Planococcus sp. as alkaliphilic facultative anaerobe was first 
time reported for the decolorization of this dye (Ma et al. 2013). The textile effluent is 
mixture of different chemicals which causes difficulties in treatment process. 
Microbe’s adaptation in wide range of pH makes possibilities for degradation of 
textile dyes. Likewise, the Lysinibacillus sp. indicated decolorization at ph ranged 
from 7-9 and at temperature 30-350C. However, more concentrated dye required more 
degradation time (Saratale et al. 2013).  
2.4 ENHANCEMENT IN THE DECOLORIZATION ABILITY ISOLATED 
BACTERIA 
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Enhancement in decolorization process can be made by adding carbon and nitrogen 
source. Decolorization of dye (Remazol Red) by microbe Lysinibacillus sp. normally 
depends on substrate used which acts as electron donor to reduce azo dye. The 
efficiency of process in the presence of carbon and nitrogen sources enhanced and 
showed faster degradation. In addition to that, decolorization result obtained 
maximum with peptone and beef extract (100%), wheat straw (82%) and paddy straw 
(76%). Agricultural by-products indicated enhancement in decolorization of Direct 
Blue GLL also (Saratale et al. 2013). Studies also showed that, starch, sucrose, 
glucose, malt, peptone, urea, lactose, ammonium chloride, yeast extract and baggase 
were used for the enhancement in the decolorization ability of isolated bacteria 
(Moosvi et al. 2007; Saratale et al. 2009). 
Textile dye Brown 21, a significant commercially used dispersive dye was 
decolorized by Enterobacter gergoviae. The decolorization of the commercial textile 
dye was observed at pH 7.0 to 10.0 and temperature 25˚C -39˚C. The study showed 
that this microbe can used textile dye Brown 21 as sole source of carbon and energy, 
however glucose and urea increases the ability of bacterium to decolorize (Naresh et 
al. 2013). Consortium-GR was developed by obtaining Micrococcus glutamicus 
NCIM-2168 and Proteus vulgaris NCIM-2027 from National Chemical Laboratory, 
India for the enhancement of decolorization of textile azo dye scarlet R. The rate of 
decolorization was high as compared to individual strains. COD and TOC were 
reduced in 3h by the consortium-GR. NADH-DCIP reductase and riboflavin 
reductases were found to be responsible for the rapid decolorization of dye. The study 
revealed that intracellular enzymes (azo reductase, laccase, veratryl alcohol oxidase 
and 2, 6-dichlorophenol-indophenol reductase) were responsible for the 
decolorization and degradation of textile dyes (Saratale et al. 2009).  
Different techniques such as Temperature Gradient Gel Electrophoresis (TGGE) and 
Terminal Restricted Fragment Length Polymorphism (T-RFLP) were employed to 
validate the results while HPLC, HPTLC, and GC-MS were used to monitor the 
metabolites produced in degradation and decolorization processes (Joshi et al. 2010). 
Phugare et al. (2011) monitored the decolorization and degradation ability of 
consortium by Infra Red spectroscopy, UV spectroscopy, High Performance Liquid 
Chromatography and High Performance Thin Liquid Chromatography. 
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Biodegradation was analyzed by UV Spectroscopy, FTIR, HPLC and GC-MS. 
Phytotoxicity was also studied on V. radiate, O. sativa, T. aestivum and S. bicolor 
plants by applying the textile dye, before and after (metabolite) the degradation (Shah 
et al. 2012). UV visible spectrophotometer was used to gauge the decolorization while 
biodegradation was analyzed by Fourier Transform Infrared Spectroscopy (FTIR) 
(Dawkar et al. 2010). For the biological decolorization in Tunisia sequencing batch 
reactor (SBR) was used and acclimated novel microbial consortia was inoculated at 
different volumetric dye loading rates from 3 to 20g dye/m3d under aerobic conditions 
(Khouni et al. 2012). 
In a study conducted by Paul et al. (2013) the decolorization of Reactive Red-120 dye 
(RR-120) was carried out by using Pseudomonas sp. SUK1 in response to low dose 
irradiation. FTIR and electrospray ionization-MS analysis were used to analyse 
radiation stimulated particles of RR-120 at doses of 0.5 and 1 kGy respectively. By 
decolorizing solution of irradiating RR-120 solution then it is used in the analysis of   
induction of the enzymes viz. laccase, tyrosinase, azoreductase and NADH-2,6-
dichlorophenol indophenol reductase. FTIR, HPLC and GC–MS were used in the 
analysis of enzyme degraded particles (Paul et al. 2013). 
The decolorization of Orange T4LL dye by Bacillus sp. VUS was investigated at 400C 
(under anoxic static condition) in 24h and found that it was due to tyrosinase, 
reductases and lignin peroxidase enzymes. For the decolorization of sulfonated azo 
dyes (water soluble), bacterial isolate M1, M2, M3, M4, M5, M6 and M7 were 
isolated from dye house effluent. The isolates M1 and M6 were found to be most 
efficient. The isolate M1 was identified as Bacillus cereus, and it was observed that 
maltose and peptone as carbon source increased its efficacy. Spectrophotometer and 
HPTLC were used to monitor the decolorizing ability of these isolates. From this 
study it was concluded that the dye house effluent was favorable niche for bacteria 
(Modi et al. 2010). It was revealed by the UV spectroscopy that decolorization 
occurred due to biodegradation rather than adsorption. Citrobacter sp. CK3 was 
recommended for the degradation and decolorization of textile effluent (Wang et al. 
2009). In a study by Kolekar et al. (2013) effectively enhanced the bio-decolorization 
of mixture of dyes. Materials that can be used for the enhancement are soya flour, 
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corn, and ammonium sulfate up to 90%. The study was successful in degrading 80% 
of 2g/l (initial concentration).  
In a study by Ong et al. (2012) it was investigated that decolorization of Orange II in 
an anaerobic sequencing batch reactor was dependent on the addition of co-substrates 
and nutrients.  The maximum decolorization rate was 170mg in one hour in the 
absence of co-substrates and nutrients. Finally it was concluded that greater amount of 
co-substrate enhanced the decolorization rates. Sequencing batch reactor was proved 
to be potential system for the decolorization of high amount of textile dye Orange II. 
In another study by Dave and Dave (2012) biodegradation of acid red 119 by Bacillus 
thuringiensis was enhanced through using cheaper nutrient supplements (cotton seed, 
caster cake and corn cake powder).it was also found that Bacillus thuringiensis has 
ability to degrade the dye even at  temperature 70 0C. A process AR-119 
biodegradation was developed which has high rate of degradation acid red 119 
(220mg/l.h). Biodegraded metabolites of dye were monitored by uv 
spectrophotometer, FTIR, TLC and HPLC. 
 
 
2.5 CO-REMOVAL OF COD & COLOR AND BIO-TREATMENT OF 
TEXTILE EFFLUENT 
In a study on physiochemical analysis and decolorization of textile dye by Prasad and 
Rao (2011) electrical conductivity, pH, BOD, COD, TSS, TDS, heavy metal ions and 
total hardness were analyzed. The decolorization of Acid red 121 was done by 
isolating bacterial strain VITABR13. It was concluded that to reduce all the above 
described parameters isolated bacterial strain was affecting at pH 8 and temperature 
35 0C in static conditions when starch and peptone were used. Color and COD 
removal was done by combined action of ozonation and biological treatment. The 
results revealed that formation of byproducts is the major limitation of ozonation 
because byproducts are toxic and dangerous for living organisms. To overcome these 
problems, bacteria were used to reduce color and COD in combination with ozonation 
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(De Souza et al. 2010). In a study, the potential of bacteria isolates from textile 
effluent (adapted bacteria) and landfill site (non-adapted bacteria) were used for COD 
removal. A simulated effluent having textile dye concentration 50 ppm was used. 
Adapted bacterial strains Acinetobacter, Bacillus and pseudomonas showed 44.61-
54.35%, 30.06-55.11% and 36.69% COD removal respectively (Olukanni et al. 2006).  
For the co-removal of COD and color halophilic and halotolerant bacterial cultures 
showed remarkable behavior in batch mode static conditions (Balamurugan et al. 
2011). Consortia Bx had highest puriﬁcation capability under aerobic conditions as 
decolorization was 88-97% and COD removal was 95-98% at volumetric dye loading 
rates of 15g/m3/d (Khouni et al. 2012). Pseudomonas sp. (SU-EBT) used for the 
decolorization of recalcitrant dye Congo red indicated that a concentration of 100ppm 
undergo 90% decolorization in 60h while textile effluent showed 50% reduction in 
COD. Optimum time for COD removal in another study was 4h (Farabegoli et al. 
2010). Optimal COD and BOD removal rate was said to be 1297 mg/l in 100h by 
halophilic and halotolerant culture of bacteria such as Halomonas variabilis and 
Halomonas glaciei (Balamurugan et al. 2011). The BOD and COD reduction rate was 
optimal at concentration of 1297ppm for 100h of incubation period (Balamurugan et 
al. 2011).  
In a study for the co removal of color and COD, Somasiri et al. (2008) an upﬂow 
anaerobic sludge blanket reactor was used. The efficacy of the reactor was monitored 
by measuring decolorization and COD, and was observed that bioreactor showed 90% 
efficiency. The bacterial isolates responsible for the removal of COD were cocci-
shaped and were isolated from textile wastewater.  Alkalinity, pH and volatile fatty 
acids contents found in the effluents shows that anaerobic process was not stopped by 
textile residues. It is assessed that upﬂow anaerobic sludge blanket reactor system can 
be used in textile residues very effectively for decolorization in the reduction of COD.  
Textile effluents posed serious threat to the environment safety by adding dyes to the 
aquatic environment (Murugalatha et al. 2010). The discharge of dyes in great 
quantity into the aquatic environment posed a destructive threat to the water bodies. 
Environmental toxicity is caused by the entrance of industrial effluents into the water 
bodies. Quality of drinking water as well as soil micro-flora and aquatic ecosystems 
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are affected by the textile effluents. Soil is most favorable habitat for bacteria, fungi, 
algae, viruses and protozoa, which is deteriorating by the continuous discharge of 
sugar and textile effluents without treatment (Kaur et al. 2010). White rot fungi is also 
said to be the good transformer and mineralizer for organopollutants and ligninases 
that are present in waste waters of textile industries (Reddy 1995). Biosafety from 
these dyes has gained energy because it is cheap and can be applied for a variety of 
textile dyes. (Khouni et al. 2012).  
Wastewater can be treated by a number of physiochemical processes like flocculation, 
coagulation, ion exchange, membrane separation, ozonation etc. These methods are 
also useful for treating heavy metals and dyes, but there are some disadvantages of 
these methods as well, for example, handling, cleaning, sludge production, cost etc. 
Therefore preference over these methods is not recommended. Instead of these 
physiochemical methods, biological methods are useful being cost effective and 
highly efficient (Sivaraj et al. 2011). Dye removal from textile effluent by isolated 
bacterial strains has been used due to its eco-friendly nature (Murugalatha et al. 
2010). Recently many bacterial strains are proved to be best remedies as azoreductase 
activity is present in specific bacteria, for example, Sphingomonas xenophaga BN6, 
Pigmentiphaga kullae K24 and Caulobacter subvibrioides C7-D (Ayed et al. 2010). 
Intracellular laccase activity suggested its involvement in the decolorization of Congo 
red dye. Pseudomonas sp. (SU-EBT) had capacity to decolorize different individual 
and mixture of textile dyes. It could be a useful strain for effluent treatment. The 
microbial method was used to reduce COD and color of textile effluents. Complex 
persistent organic compounds were breakdown in anaerobic digestion which can 
further be degraded aerobically (Telke et al. 2010).  
In a study on bio-treatment of synthetic Reactive Red-2 dye was degraded by 
Halomonas variabilis and Halomonas glaciei in anaerobic digestion (batch-mode 
static condition reactor) and maximum degradation was achieved in 144h. The 
degradation studies were compiled by determining COD and BOD. The temperature 
was maintained constant at 30 0C (using CO2 incubator) BOD and COD reduction 
rate were most favorable in the concentration of 1297 mg /L for the time duration of 
100 h (Balamurugan et al. 2011).  
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Pseudomonas aeruginosa and Bacillus subtilis showed high degradation capability, 
when immobilized on agar-agar and subsequently transferred to bioreactor. 
Pseudomonas aeruginosa and Bacillus subtilis significantly reduced COD, BOD and 
dissolved solids. Results indicated that immobilized cells showed a promising 
function in the bioremediation of textile effluent and possible commercial application 
could be achieved (Ajao et al. 2011). Combination of both methods i.e. aerobic and 
anaerobic can also be used for dye removal and dye degradation (Farabegoli et al. 
2010). Anaerobic treatment converts the azo dyes into intermediate byproducts which 
are further decomposed by aerobic methods or they are mineralized completely by 
natural bioremediation. Anaerobic bacteria can be used in such method using 
incubator in batch mode and static conditions (Balamurugan et al. 2011). Response 
Surface Methodology (RSM) is another method that is used for decolorization of 
carmine (C.I. Natural Red 4) in the presence of H2O2 along with UV radiations 
(Korbahti and Rauf 2009). Activated sludge full of microorganisms from wastewaters 
of textile industries are also used for the decolorization of dyes and it showed about 
70-90% decolorization efficiency (Dafale et al. 2008).  
Physicochemical characterization from local textile mill effluent (Table 2) showed 
high values of temperature, pH, EC, BOD, COD, TSS, TDS, heavy metals and color. 
The decline in pollution indicators from source to sink indicated the natural 
bioremediation (Ali et al. 2009). Physiochemical characterization of the textile and 
sugar industries effluents showed high values of pH, TSS, TDS, BOD and COD (Kaur 
et al. 2010). Metabolites produced were involved in the dye degradation (Murugalatha 
et al. 2010) which were characterized by using FTIR and GC–MS. In Coimbator 
Tamil Nadu, India, a textile industry effluent showed physiochemical characterization 
in the high ranges; temperature 40oC, pH 7.51, EC 9565 mhos/cm, TDS 5875 mg/l, 
TSS 1750 mg/l, BOD 275 mg/l and COD 789 mg/l (Prasad and Rao 2010). High 
chloride contents in waste effluents damage the metallic pipes and other fittings. 
These high chloride contents are also detrimental for crops and aquatic organisms. 
Contradictory to chloride contents sulfide contents are mostly in permissible limits 
(Sofia et al. 2000; Prasad and Rao 2010).  
2.6 HEAVY METAL REMOVAL BY BACTERIA 
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Bacillus sp. (JDM-2-1) and Staphylococcus capitis were used to treat chromium 
contamination from hexavalent to trivalent. Both bacteria showed optimum growth at 
37°C. The hexavalent chromium was reduced 85% and 81% in 144h by Bacillus sp. 
(JDM-2-1) and Staphylococcus capitis, respectively from the industrial effluent. Cell 
free extracts of both bacteria showed reduction of 70% to 83% at concentration of 10g 
Cr (VI)/mL. The measurement of induced protein indicated its promising role in 
chromium reduction. Bacillus sp. (JDM-2-1) and Staphylococcus capitis have 
potential to reduce the toxic hexavalent chromium to form its nontoxic trivalent form 
(Zahoor and Rehman 2009).  
Endophytic bacteria L14 (multi-metal resistant EB L14) belonged to Bacillus sp. was 
isolated from Solanum nigrum L. for the bioremediation of heavy metals. Incubation 
period of 24h showed that, EB L14 could uptake 75.78%, 80.48%, 21.25% of Cd (II), 
Pb (II) and Cu (II) at concentration of 10ppm. There was no chromium uptake by this 
species. The adaptive abilities and hopeful bioremediation efficiencies strongly 
argued the superiority for heavy metal bioremediation at low concentrations and could 
be useful for developing metal removal system from heavy metal contaminated 
effluent (Guo et al. 2010). Bacillus pumilus, Alcaligenes faecalis and Staphylococcus 
sp. were evaluated to reduce Cr6+ into Cr3+. B. pumilus could tolerate Cr6+ up to 2 
mg/ml. A. faecalis and Staphylococcus sp. resisted Cr6+ up to 1.4 to 1.6 mg/ml at pH 7 
to 8. Optimum growth of all the bacterial strains observed at 37ºC. At the 
concentration of 100µg Cr6+/ml A. faecalis showed 97% and Staphylococcus sp. 
showed 91% capability for reduction of Cr6+ to Cr3+ in 24h. Bacterial strains could be 
used for bioremediation of effluents having hexavalent chromium because of potential 
to reduce the toxic hexavalent to nontoxic trivalent form (Shakoori et al. 2010).  
Bacillus sp. (Endophytic bacterium EB L14) used for the cadmium bioremediation by 
adding DCC or DNP as metabolic inhibitors and it was observed that growth of EB 
L14 was inhibited. The cadmium removal increased from 73.6% to 93.7% in the 
absence of DCC or DNP. The intracellular cadmium concentration analysis showed 
enhanced cadmium removal by DCC or DNP during 24h incubation. This exceptional 
property indicated the preference of Endophytic bacterium EB L14 for practical 
87 
 
application in the bioremediation of cadmium in the presence of commercially used 
metabolic inhibitors (Luo et al. 2011). 
2.7 ROLE OF BACTERIAL ENZYMES IN DECOLORIZATION AND 
DEGRADATION OF TEXTILE DYES  
The dye decolorizing potential of bilirubin oxidase was demonstrated for an 
anthraquinone dye, remazol brilliant blue R. The dye was decolorized up to 40% 
within 4h by bilirubin oxidase alone, whereas it was more efficient in the presence of 
2, 2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), showing 91.5% decolorization 
within 25 minutes. The optimum temperature for enzymatic decolorization was 400C. 
Bilirubin oxidase showed efficient decolorization of the dye with a wide pH range of 
5–8.5. The maximum decolorization activity occurred at pH 8. The effects of 
operational parameters on decolorization were examined. The results showed that the 
decolorization efficiency decreased with increasing RBBR concentration and a 
marked inhibition effect was exhibited when the dye concentration were above 
100mg/l. Analysis of remazol brilliant blue R at ultraviolet and visible  spectra after 
bilirubin oxidase treatment indicated that the decolorization of remazol brilliant blue 
R was due to biodegradation. Operation over a wide range of pH and efficient 
decolorization suggested that the bilirubin oxidase can be used to decolorize synthetic 
dyes from effluents especially for anthraquinonic dyes (Liu et al. 2009). 
An Enterobacter strain (GY-1) with high activity of decolorization of Reactive Black 
5 (RB 5) was isolated from textile wastewater treating sludge. The kinetic 
characteristics of dye decolorization by the strain GY-1 were determined 
quantitatively using the diazo dye, RB 5. Effects of different operation parameters 
(inoculum size, pH, temperature and salinity) and various electron donors on 
decolorization of the azo dye by GY-1 were systematically investigated to reveal the 
primary factors that determine the performance of the azo dye decolorization. The 
decolorization of RB 5 was attributed to extracellular enzymes. A kinetic model was 
established giving the dependence of decolorization rate on cell mass concentration. 
Decolorization rate increased with increasing temperature from 20 to 350C, which can 
be predicted by Arrhenius equation with the activation energy of 8.50 kcal/mol (Chen 
et al. 2011). 
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For the first time, the investigation of Indigo carmine decolorization was done using a 
typical Scytalidium thermophilum laccase. Crude and puriﬁed laccases required high 
temperatures and slight pH to achieve maximum Indigo decolorization. Kinetic 
parameters (Km and k cat) of the homotrimeric laccase toward Indigo carmine were 
determined and laccase efficacy toward repeated dye decolorization process was 
studied. For the first time, 5g/l as initial Indigo carmine concentration were efficiently 
transformed up to 50% within 6 h of incubation using 0.1 U/ml of laccase and without 
presence of any mediators. This study showed that a typical laccase transformed the 
indigoid dye structure which is confirmed by the color changing from blue to red. 
This intermediate (red) was a subject to an efficient microbial consortium treatment, 
monitored by measuring the decrease in optical density and the total organic carbon 
removal. Toxicological studies via micro-toxicity test showed that the released 
enzymatic and adapted consortium degradation products were both non-toxic while 
the initial product was toxic (Younes and Sayadi 2013).  
In another study azoreductase and glucose 1-dehydrogenase were used for dye 
removal from wastewater, by continuous formation of NADH which is a cofactor. 
The optimum conditions for removal were azoreductase 1U, glucose 1-dehydrogenase 
10U, glucose 250mM, NAD+1 mM and methyl red 150 µM (Yang et al. 2013). Textile 
reactive dyes were decolorized by laccase immobilization (Remazol Brilliant Blue R, 
Remazol Black B, Reactive Orange 122 and Reactive Red 251). There was high 
efficiency of decolorization by this immobilized laccase in dyes which are in the form 
of aqueous solutions. Decolorization was carried out because of adsorption capability 
of dyes that stuck onto the support surface in first stage of process. With addition of 
dye successively, the capacity of adsorption decreased however and there was 
evidence of enzymatic decolorization process. Efficiency of enzymatic decolorization 
process increased by using photochemical pre-treatment (Peralta-Zamora et al. 2003). 
In solid state fermentation of wheat straw, manganese peroxidase (MnP) and 
manganese-independent peroxidase (MIP) activities were produced by Pleurotus 
ostreatus (white rot fungus). Decolorization of most dyes of sulfonphthalein (SP) was 
done at pH 4.0 by MnP. At pH 3.5, the decolorizing activity of Bromophenol blue 
was high and it is decreased when concentration of MnII increased. Decolorizing 
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activity was not only associated with MnP but also with MIP. Rate of decolorization 
decreased with additional bromine group and methyl group on SP chromophores. 
Bromination of sulfonphthalein chromophore makes them the poorer substrate for 
MnP (Shrivastava et al. 2005). 
Bilirubin oxidase is produced by Myrothecium verrucaria 3.2190 that is a non 
ligninolytic fungus. Decolorization ability for indigo carmine was checked for both 
M. verrucaria and the extracellular bilirubin oxidase. During the process of 
decolorization, dye’s biosorption and biodegradation were tested; at 260C and after 
7days. More than 98% decolorization efficiency was achieved. The results showed 
that the purified bilirubin oxidase in M. verrucaria strain has potential application in 
dye effluent decolorization (Han et al. 2012). Bacteria are the source of azoreductases 
and are used to isolate enzymes to perform the activities of removing dyes. In this 
study, Escherichia coli CD-2 was used to remove and purify an oxygen insensitive 
azoreductase having characteristics of dyes degradation. The enzyme extracted from 
E. coli has characteristics of azoreductase and quinine reductase because enzyme 
protein identification shows it has same characteristics as of E. coli K12. If methyl red 
was substrate then pH was 6.5 and temperature for optimal operation was 370C. 
Methyl red is effectively decolorized by enzyme, which is purified from E. coli and 
both NADH and NAPH act as electron donor (Cui et al. 2012).  
In a study on biodecolorization of mixture of dyes the study was successful in 
degrading 80% of 2g/l (initial concentration). The activity of Alishewanella sp. 
KMK6 was due to the lysate (azoreductase). This enzyme in its crude condition shows 
activity of 0.131 nmol/mg/min (Kolekar et al. 2013). Enzyme assays conducted by 
Wang et al. (2013) showed that azoreductase was responsible for the decolorization of 
reactive black 5 but passive surface adsorption (PSA) also play role in a small 
percentage for the decolorization. 
2.8 ELIMINATION OF BACTERIAL ISOLATES AFTER BIO-TREATMENT 
In a study Gomaa (2012)  a bacterial isolate capable of tolerating some textile 
effluents  conditions such as salinity and high temperature was used to decolorize 
methyl red (MR). It was isolated from Dead Sea salt identiﬁed as Bacillus ST 
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(HQ013327) and showed 98% color removal under microaerophilic conditions (24 h 
at 30 0C) and 78% (at 80 0C) in the presence of mannitol and NaCl. It is necessary to 
eliminate these indigenous bacteria after the bio-treatment of textile effluent prior to 
discharge. For this purposes induced programmed cell death (PCD) was proposed to 
eliminate all living Bacillus ST cells. The different concentrations of acetic acid were 
used to change the culture pH (from alkalinity to neutral). Cell death was monitored 
by comet assay and transmission electron microscopy. Elimination of living Bacillus 
ST cells by this method proposed to be economical and environmentally safe. The 
common removal techniques used were autoclaving, ﬁltration, antibiotics, heat and uv 
radiation but with much more limitations. Suicidal genes were also used which were 
also risky to the environment. Acetic acid is widely used as preservative to prevent 
microbial growth on food stuff, and can be used for programmed cell death as a good 
choice for the elimination of bacterial isolates after bio-treatment process (Paul et al. 
2005; Misal et al. 2011; Gomaa 2012).  
2.9 PHYTOTOXICITY 
The products produced during decolorization are mostly more harmful than the 
original dye, as reported by Solis-Oba et al. (2009) the compounds generated while 
oxidation of indigo blue through electro-incineration and coagulation are more toxic. 
The textile dyes (Acid Red 18 and Acid Red 27) are not mutagenic; however another 
dye (Acid Red 26) is carcinogenic because of the presence of a methyl group and the 
difference in the position of the sodium sulphonate. Toxicity depends on the nature 
and position of the chromophores (Ferraz et al. 2011). Acid Violet 7 has a significant 
ability to induce chromosome aberrations, the toxicity of this dye increases 
significantly after static biodegradation by Pseudomonas putida due to the 
corresponding azo reduction metabolites (Mansour et al. 2010). Therefore, it becomes 
very important for decolorization and degradation of textile dyes by bacteria to assess 
the toxicity. Following are the most isolated generas of bacteria used for 
decolorization and degradation of textile dyes: Bacillus, Exiguobacterium, 
Lysinibacillus, Micrococcus, Proteus, Pseudomonas, Sphingomonas and 
Staphylococcus were reported to be used efficiently in bio-treatment of textile dyes 
(Saratale et al. 2009; Ayed et al. 2011; Chen et al. 2011; Kabra et al. 2013; Saratale et 
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al. 2013; Wang et al. 2013). The metabolites produced during bioremediation process 
by these isolated bacteria are non-toxic in nature. Toxic compounds can be easily 
degraded and converted into harmless compounds by natural decomposers. These 
decomposers are species of bacteria, fungi, and algae which are able to decolorize and 
degrade dyes. These species can convert harmful dyes into environmental safe 
products (Megharaj et al. 2011; Jain et al. 2012). It is very important and essential to 
test the toxicity of treated and untreated effluent of textile industries because these 
effluents are directly released into the river, streams lakes or nearby irrigation farms 
that can affect human health. Most feasible and commonly used methods to check 
toxicity are seed germination monitoring and plant growth. It is observed that the 
toxicity level of treated effluent is less than untreated effluent. For example, seeds of 
P. mungo and S. vulgare showed good seed germination in treated water and less 
plant growth in untreated wastewater (Kabra et al. 2013).  
In a study Neelambri et al. (2013) isolated a total of 67 different bacterial strains from 
the sediments of textile industrial discharge. They identified separate strains for each 
dye by morphological,  physiological  and biochemical characters:  Pseudomonas  
aeruginosa  (Yellow  MR),  Alcaligenes faecalis (Blue MR), Proteus mirabilis (T 
Blue G), Serratia marcescens  (Red  MS  B)  and  Bacillus  licheniformis (Orange  
M2K). After that totoxicity of each decolorized dye was studied by applying on Vigna 
radiate.  The results proved that reduction of toxicity of dyes after bacterial treatment 
was occurred by individual strains (Neelambri et al. 2013). The phytotoxicity test was 
applied on Sorghum vulgare and Phaseolus mungo which revealed that there was no 
toxic effect of degraded products. The consortium degraded 88% azo dye scarlet R in 
72 hours and on applying to the effluent showed 68 and 62 % reduction in COD and 
TOC (Saratale et al. 2009). Phytotoxicity test was performed on Triticum aestivum 
and Sorghum bicolor and it growth was reduced by 70to 90%. Both the plants 
revealed that degradation products were not harmful (Dawkar et al. 2010). 
Toxicological analysis before and after treatment was performed on root cells of 
Alium cepa and showed no toxic effect (Phugare et al. 2011). On applying 
toxicological test, Daphnia magna showed decreased toxicity when byproducts were 
subjected to biotreatment by bacteria (De Souza et al. 2010). Phytoxicity test showed 
the nontoxic nature of degradation metabolites to Sorghum bicolor, Vigna radiata, 
Lens culinaris and Oryza sativa plants (Telke et al. 2010). The physicochemical 
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analysis of textile effluent produced by the International Textile Industry (Nig.) LTD 
Odongunyan Industrial Estate Ikorodu Lagos, was carried out for BOD, dissolved 
solids, color intensity and heavy metals. Heavy metals were also biosorptioned (Ajao 
et al. 2011). S. vulgare showed 50, 20, 30, 60 and 10% inhibition of seed germination 
when irrigated with treated effluent (by reactor) having soil, plants, bacteria, untreated 
effluent and treated effluent by bacterial augmentation in phytoreactor, respectively. It 
is also observed that treated effluents were less toxic to roots and shoots as compared 
to untreated effluent containing dye mixtures (Khandare et al. 2013). 
Toxicity test of RBB (Reactive Black B) azo dye showed that the decolorization of B. 
cereus strain HJ-1 decreased the toxicity of RBB by breaking it into intermediate by 
products which are less hazardous (Liao et al. 2013). Untreated effluents contains 
high toxicity level, which can be converted to less toxicity level or without toxicity by 
microbial actions in treatment plants or by natural bioremediation (Phugare et al. 
2011). Sulphate-reducing bacteria were used to produce irrigation water from an acid 
mine drainage. Two active bioremediation systems System I and System II were 
compared for their efficacy. System II had sulphidogenic anaerobic bacteria in packed 
bed bioreactor at neutral pH which produced suitable irrigation water by reducing 
sulphate up to 99%. It did not require addition of any neutralizing agent, that’s why it 
was economic in nature (Martins et al. 2010). The untreated effluents or effluents 
having high concentration of salts are toxic and dangerous for living organisms as 
well as for aquatic ecosystems (Tigini et al. 2011). 
In a study on toxicity of eight textile dyes two bioassays ames test and seed 
germination test were used to evaluate their hazardous and mutagenic effects. The 
eight textile dyes and Eithidium bromide dye as control were tested with five 
Salmonella typhimurium strains (TA 100; TA 98; TA 1535; TA 1537; TA 1538). 
Total six concentrations of each textile dye (2.5 µg/ml, 4.5 µg/ml, 9 µg/ml, 13.5 
µg/ml, 18 µg/ml, and 22.5 µg/ml) were used. The results showed that most of the dyes 
were mutagenic for the bacterial strains. The phytotoxicity of was assessed by the 
estimation of relative changes in seed germination of four plants clover, wheat, 
tomato and lettuce.  The results showed that high concentrations of dyes were more 
toxic to seed germination. Finally it was concluded that textile dyes in the industry 
effluents required remediation before discharging (Moawad et al. 2003). 
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Paul et al. (2013) conducted a study on decolorization of Reactive Red-120 dye (RR-
120) was carried out by using Pseudomonas sp. SUK1 in response to low dose 
irradiation. After the decolorization the degraded metabolites of the textile dye were 
applied on Phaseolus mungu at room temperature. The results indicated that dye 
converted into non toxic products. Finally, it was concluded that 61kGy and 
Pseudomonas sp. SUK1 are allowable for safe removal of Reactive Red-120 dye from 
industrial effluent. In another genotoxicity study by Kolekar et al. (2012) on 
degradation of reactive blue 59, aerobic granules were developed from waste water 
sludge. The microbial communities (alpha, beta, and gamma protobacteria) present in 
granules were responsible for the degradation of reactive blue 59. Comet assay was 
applied on coelomocytes of earthworms which shows that bio-transformed 
metabolites of reactive blue 59 were non toxic for the earthworms. All over the world 
the researchers have highlighted the significance to appraise effluent eco-toxicity 
(Tigini et al. 2011). It is also concluded from literature that the effect of detoxified 
textile dyes and effluent is evaluated on common crops only at germination stage 
(Saratale et al. 2009; Jadhav et al. 2010; Khandare et al. 2013). To get comprehensive 
consequences it is necessary to check the effects of bio-detoxified textile effluent on 
the whole growth period of the crops.  
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Effect of different parameters  
Different parameters effecting decolorization of dyes, some important are given in 
table 1. 
Table 2.1: Factors affecting decolorization of dyes  
Physiochemical 
factors 
Description  Reference 
pH pH is one of the important factor, microbe with 
wide pH tolerance range are usually more suitable. 
pH range of 6-10 is usually most favorable.  
Wang et al. 
2009. 
Temperature Temperature is also again a very important factor 
for all processes associated with microbial vitality, 
including the remediation of water and soil. It was 
also observed that the decolorization rate of azo 
dyes increases up to the optimal temperature, and 
afterwards there is a marginal reduction in the 
decolorization activity 
Saratale 
et al. 2009; 
Bardi and 
Marzona 
2010. 
Dye 
concentration 
Earlier reports show that increasing the dye 
concentration gradually decreases the 
decolorization rate, probably due to the toxic effect 
of dyes with regard to the individual bacteria and/or 
inadequate biomass concentration, as well as 
blockage of active sites of azoreductase by dye 
molecules with different structures  
Kalyani et 
al. 2008; 
Saratale 
et al. 2011 
 
Carbon source Glucose is found to be the most easily available and 
effective carbon source for microbial metabolism 
Bardi 
and 
Marzona 
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2010. 
Nitrogen source Microbial cultures generally require complex 
organic sources, such as yeast extract, peptone, or a 
combination of complex organic sources and 
carbohydrates for dye decolorization and 
degradation. 
Saratale et 
al. 2009. 
 
Oxygen It is assumed that under anaerobic conditions 
reductive enzyme activities are higher; however a 
small amount of oxygen is also required for the 
oxidative enzymes which are involved in the 
degradation of azo dyes 
Kalyani et 
al. 2008. 
Dye structure Dyes with simpler structures and low molecular 
weights exhibit higher rates of color removal, 
whereas the removal rate is lower in the case of 
dyes with substitution of electron withdrawing 
groups such as –SO3H, –SO2NH2 in the para 
position of phenyl ring, relative to the azo bond and 
high molecular weight dye 
Hsueh and 
Chen 2008. 
Electron donor It has been observed that the addition of electron 
donors, such as glucose or acetate ions, apparently 
induces the reductive cleavage of azo bonds. The 
type and availability of electron donors are 
important in achieving good colour removal in 
bioreactors operated under anaerobic conditions 
Telke et al. 
2009. 
Redox mediator Redox mediators (RM) can enhance many reductive 
processes under anaerobic conditions, including azo 
dye reduction 
Guo et al. 
2012;  
Dos Santos 
et al. 2007. 
 
Table 2.2: Average pollution load in local textile mill in Pakistan (Ali et al. 2009). 
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Temperature 
(oC) 
pH EC 
(µS/m) 
BOD 
(mg/l) 
COD 
(mg/l) 
TSS 
(mg/l) 
TDS 
(mg/l) 
Heavy metals 
ions (mg/l) 
40 9.5 3.57 548 1632 5496 2512 0.28-6.36 
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CHAPTER # 3 
 ISOLATION, SCREENING, IDENTIFICATION AND 
CONSORTIUM DEVELOPMENT OF TEXTILE DYES 
DECOLORIZING INDIGENOUS BACTERIA 
  
3.1  INTRODUCTION  
The reuse of industrial effluents can be an attractive option for increasing demand of 
water. Bioremediation of textile dyes is considered to be the best option due to 
number of reasons (Daneshvar and Khataee 2004; Kumar et al. 2006). For efficient 
biodegradation, resistant microbes are needed which can withstand the toxic nature of 
dyes. The bacteria show very promising ability to decolorize, degrade, detoxify and 
metabolize a number of compounds in various biological treatment processes. 
Bacteria are isolated from different sources; soil, water, contaminated food, human 
and animal waste. Presently, isolation of bacteria is also done from textile effluents 
and dye processing industries (Modi et al. 2010). In soil and water, bacterial 
communities play an important role for the trophic food webs by decomposing 
organic material (Doan et al. 2014). It is better to use bacterial consortium rather than 
single strain for the decolorization of textile dyes. Different strains present in 
microbial consortium degrade dyes from different planes (Jadhav et al. 2010; Phugare 
et al. 2011). The prominent advantage of consortia is its use in the decolorization of 
mixture of dyes. Decolorization of dye mixture is not possible by a single strain. It is 
important to explore new indigenous bacterial strains by isolating them from textile 
wastewater, sludge and effected soils. 
OBJECTIVES  
Following are the specific objectives of this chapter: 
1. Isolation, screening and identification 
of the indigenous bacteria from textile effluents, contaminated soil and sludge 
2. Development of different bacterial 
consortia from screened indigenous bacteria for decolorization of textile dyes 
3.2 MATERIALS AND METHODS 
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3.2.1 Chemicals 
All chemicals used were of analytical grade (Merck USA). Following are the textile 
dyes; red (Carmine), green (Light Green), black (Erichrome Black T) and yellow 
(Metanil Yellow) used in experiment (Appendix 1, Plate 3). Two types of media were 
prepared; nutrient agar and nutrient broth. 
3.2.2 Sample Collection 
Wastewater (Textile effluents), sludge and textile effluent effected soil samples were 
collected from Hudiara drain near Nishat Mills Limited 5 Km off 22 Km Ferozepur 
Road Lahore, Pakistan (Appendix 1, Plate 1 & 2). One sample of effluent effected 
soil, four sludge samples were collected from source, 5 m away from source, 500 m 
away from source and 1000 m away from source and named as Sludge I, Sludge II, 
Sludge III and Sludge IV where as four wastewater samples were collected from main 
textile effluent, 5 m away from source, 500 m away from source and 1000 m away 
from source (Wastewater I, Wastewater II, Wastewater III and Wastewater IV). They 
were transferred to sterile containers and brought to Environmental Microbiology 
Laboratory, Sustainable Development Study Centre, GC University Lahore, following 
standard procedures (APHA 2005).  
3.2.3 Isolation of Bacteria 
(i) Serial Dilutions 
Four test tubes were taken to prepare serial dilutions for all nine samples. Nine 
milliliter of distilled water was poured in test tubes and cotton plugged. They were 
sterilized at 121 °C and 15 psi for 15 min in autoclave (ALP Co., Ltd. KT-30L) and 
allowed to cool at room temperature in laminar air flow in order to avoid 
contamination. The hood was prepared by swabbing its surface and walls with 
alcohol. UV light was switched on for 20 min before to sterilize the cabinet from all 
the microorganisms. UV light was switched off before work. Fluorescent light was 
switched on. Bunsen burner was flamed and speed of airflow was adjusted according 
to need to maintain the sterilized conditions. One milliliter of water, 1 g of soil and 
sludge were transferred in each test tube containing 9 ml of distilled water (10-1). 
They were shaken well and from these test tubes one milliliter of sample was 
99 
 
transferred to other test tube. Similarly further dilutions up to 10-4 were prepared 
(Khadijah et al. 2009).   
(ii) Media Preparation 
Medium was prepared by mixing 28 g of nutrient agar in 800 ml of distilled water. 
Volume was raised up to 1000 ml The flask was cotton plugged and placed in 
autoclave for 15 min. Autoclaved medium was then cooled and poured into sterilized 
Petri plates in laminar air flow cabinet and they were allowed to solidify before 
inoculation. 
(iii) Pour Plate Method 
Nutrient broth in 500 ml flask was prepared and sterilized in autoclave along with 
Petri plates. They were cooled at room temperature in laminar air flow. Media was 
transferred in each petri plate and was covered immediately. It was allowed to 
solidify. Transfer 0.1 milliliter of each dilution to petri plate, spread it uniformly and 
cover it immediately with the lid.  When the surface was completely dry they were 
incubated in inverted position at 37 °C for 24 h. After 24 h the plates were placed on 
the lightened surface of the digital colony counter (Human Lab Instrument Co.DCC-
560) and the colonies present on it were marked with pen.  
(iv) Streak Plate Method 
After incubation period, plates were observed and the colonies were streaked via 
sterilized inoculating loop on other Petri plates containing medium agar. Inoculating 
loop was sterilized by dipping in alcohol before inoculating other bacteria. Plates 
were incubated at 37 °C for 24 h (Khadijah et al. 2009).  
(v) Culture Maintenance 
Slants were prepared by pouring the prepared and autoclaved agar in test tubes and 
they were allowed to solidify in slanting position. After incubation period single cell 
colonies were transferred to slants with the help of loop. The slants were incubated for 
24 h at 37 °C. The pure cultures were obtained and stored at 4 °C (Shah et al. 2012). 
3.2.4 Screening 
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Nutrient agar was prepared and 50 ppm of red dye was dissolved in 400 ml of distilled 
water and volume was raised up to 500 ml. Cotton plugged nutrient agar along with 
dye, petri plates and inoculating loop were sterilized in autoclave for 15 min. They 
were allowed to cool in laminar air flow. Nutrient agar was poured in petri plates and 
bacteria were inoculated via streaking method with the help of inoculating needle. 
The inoculating loop was then sterilized by heating it on direct flame before 
inoculating other bacteria. In the same way 100, 150 and 200 ppm of red dye in 
nutrient agar was prepared to observe the effect of high concentration on the growth 
of bacteria (Shah et al. 2012). The same procedure was followed to prepare 50, 100, 
150 and 200 ppm concentrations of black, green and yellow dyes. 
3.2.5 Identification  
The screened bacterial strains were identified on morphological, biochemical and 
physiological properties using the protocol given in Bergey’s Manual of 
Determinative Bacteriology (Holt et al. 1994). 
3.2.6 Development of Bacterial Consortia 
The isolates for the consortium development were selected based on criteria; ability to 
degrade the dyes efficiently (above 60%), rapidly (within 3 days) and also with ability 
to degrade red, green, black and yellow dyes. A loopful of the selected isolates was 
individually inoculated for 24 h to form a consortium (Tony et al. 2009).  
3.2.7 Determination of optimal growth conditions for bacterial consortium 
The bacterial isolates were optimized at pH 6, 6.5, 7, 7.5, 8, 8.5 and at temperatures 
27, 32, 37, 42, 47°C on nutrient broth having 200 ppm each of red, green, black and 
yellow dyes (Zahoor and Rehman 2009). 
 
3.3 RESULTS 
3.3.1  Isolation and Screening of Dye Decolorizing Isolated Indigenous 
Bacterial Strains  
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Morphologically distinct colonies were observed and it was found that 21 colonies 
showed growth (50 ppm of red, green, black and yellow dyes) out of total 76. All the 
21 morphologically distinct colonies were screened at 50, 100, 150 and 200 ppm of 
red, green, yellow and black dyes (Table 3.1). The isolates 1, 3, 5, 7, 9 and 20 were 
screened on the basis of ability to degrade the dyes efficiently more than 60%, within 
24h at 50, 100, 150 and 200 ppm of red, green, yellow and black dyes.   
3.3.2 Identification of Dye Decolorizing Isolated Indigenous Bacterial Strains  
The isolates were identified as Bacillus subtilus (Isolate 20), Bacillus cereus (Isolate 
3), Bacillus mycoides (Isolate 1), Bacillus sp (Isolate 5), Pseudomonas sp. (Isolate 9) 
and Micrococcus sp. (Isolate 7) by standard physiological, morphological and 
biochemical tests (Table 3.2) using the protocol set in Bergey’s Manual of 
Determinative Bacteriology (Holt et al. 1994). 
 3.3.3  Development of Consortia 
The main advantage of development of this consortium was its heterogeneity. It is 
developed from bacteria those were isolated from three sources i.e. textile effluent, 
sludge, and effected soil. They worked together and gave better results. The 
consortium development in literature shows that all the researchers developed 
consortia from single source, whereas Mao et al. (2012) reported that heterogeneity of 
the bacterial community gave better results in degradation/detoxification of dyes. 
Following four consortia were developed using various combinations of bacterial 
isolates.  
i) Consortium BMP1/SDSC-01:  Bacillus subtilus, Bacillus cereus, Bacillus 
mycoides, Bacillus sp., Micrococcus sp. and Pseudomonas sp. 
ii)  Consortium BMP2/SDSC-02: Bacillus sp. Micrococcus sp., Pseudomonas 
sp. 
iii) Consortium BBP/SDSC-03: Bacillus cereus, Bacillus mycoides, 
Pseudomonas sp. 
iv) Consortium BMP4/SDSC-04:  Bacillus subtilus, Bacillus cereus, Bacillus 
sp., Micrococcus sp.  and Pseudomonas sp. 
3.4 DISCUSSION  
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Bacteria are frequently found everywhere and can be collected from water, 
wastewater, sludge and soil. In the present study, Bacillus subtilus, Bacillus cereus, 
Bacillus mycoides, Bacillus sp., Micrococcus sp. and Pseudomonas sp. were isolated. 
Kalyani et al. (2008) isolated the Pseudomonas sp. from contaminated soil near textile 
industry, with the ability to decolorize 50 ppm of Red BLI 99.28%. Klebsiella, 
Bacillus, Salmonella and Pseudomonas sp. were isolated by Ponraj et al. (2011) from 
textile effluents for the decolorization of dye. The four consortia were developed from 
these isolates for the biotreatment of textile effluents. The results indicated that all the 
consortia exhibited excellent results for decolorization of red, green, black and yellow 
textile dyes. Physico-chemical methods used for color removal from textile effluents 
have high operational cost and produce much more sludge and waste (Kumar et al. 
2006; Modi et al. 2010). Therefore, biotreatment is becoming more important day by 
day. The isolation of good dye-decolorizing species requires screening, and these 
isolated strains should have ability to degrade and detoxify textile dyes (Silveira et al. 
2009). 
A consortium with two bacterial isolates was isolated by Phugare et al. (2011) from 
soil contaminated by dye effluents. The consortium was able to decolorize the textile 
effluent. Bacillus subtilis and Streptococcus faecalis were isolated by Sivaraj et al. 
(2011) from activated sludge affected with treatment plant effluent having potential of 
decolorizing dye effluent.   Bacillus subtilus, Bacillus cereus, Bacillus mycoides, 
Bacillus sp.  Micrococcus sp.  and Pseudomonas sp.  were isolated from textile 
effluent, sludge, and affected soil with the ability to decolorize and degrade 200 ppm 
of red, green black and yellow  textile dyes. However, Tony et al. (2009) and 
Khadijah et al. (2009) developed bacterial consortia for the decolorization of Congo 
red, Remazol Golden Yellow, Procion Yellow HE4R and Remazol Red RBN.  
A number of dyes are used in textile industry therefore, effluent varies in 
composition, and hence isolated bacterial strains used for decolorization should have 
capability to decolorize structurally different dyes. Consortium has preference over 
single bacterial isolate because of collective effect to degrade and decolorize the 
product (Watanabe and Baker 2000). Bioremediation has excellent potential to 
remove the textile dyes. Therefore, isolation of indigenous bacteria is preferred to 
formulate consortium.  
3.5 CONCLUSION  
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The textile dyes undoubtedly impart high load of carcinogenic pollutants, 
conventional physiochemical methods are not enough to remove them. 
Bioremediation by indigenous bacteria being eco-friendly is preferred over these 
methods. Four consortia were developed from isolated screened bacteria using 
combinations of six strains among twenty one isolates. These were consortium 
BMP1/SDSC-01 consisting of Bacillus subtilus, Bacillus cereus, Bacillus mycoides, 
Bacillus sp., Micrococcus sp. and Pseudomonas sp., consortium BMP2/SDSC-02 
Bacillus sp. Micrococcus sp., Pseudomonas sp., consortium BBP/SDSC-03 Bacillus 
cereus, Bacillus mycoides, Pseudomonas sp. and consortium BMP4/SDSC-04  
Bacillus subtilus, Bacillus cereus, Bacillus sp., Micrococcus sp. and Pseudomonas sp.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.1: Screening of bacterial isolates on different concentrations of textile 
dyes red (R), green (G), black (B) and yellow (Y) 
 
Isolated 
strains 
CONCENTRATIONS (ppm) 
50 100 150 200 
R G B Y R G B Y R G B Y R G B Y 
Isol. 1 + + + + + + + + + + + + + + + + 
Isol. 2 + + + + + + + + + + + - + + + - 
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Isolated 
strains 
CONCENTRATIONS (ppm) 
50 100 150 200 
R G B Y R G B Y R G B Y R G B Y 
Isol. 3 + + + + + + + + + + + + + + + + 
Isol. 4 + + + + - - + + - - - + - - - - 
Isol. 5 + + + + + + + + + + + + + + + + 
Isol. 6 + + + + + + + + + + + - - - - - 
Isol. 7 + + + + + + + + + + + + + + + + 
Isol. 8 + + + + - + + + - - - + - - - - 
Isol. 9 + + + + + + + + + + + + + + + + 
Isol. 10 + + + + + + + + + + + - + + + - 
Isol. 11 + + + + + + + + + + + + + + + - 
Isol. 12 + + - + - + - + - - - + - - - - 
Isol. 13 + + + + + + + - + + + - - - - - 
Isol. 14 + + + + + + + - + + - - + - - - 
Isol. 15 - + - + + - - + - - - - - - - - 
Isol. 16 + + - - + + - - + + - - + + - - 
Isol. 17 + + + + + + + + + + + + + + + - 
Isol. 18 + + + + + + + - + + + - + + + - 
Isol. 19 + + + + + + - + - - - + - - - - 
Isol. 20 + + + + - + + + + + + + + + + + 
Isol. 21 + + + + + + + + - + - - - - - - 
+ Bacterial colony appeared; - Bacterial colony not appeared 
 
 
 
 
 
 
Table 3.2: Morphological and biochemical characterization of bacterial isolates  
 
 
Characteristic
s 
 
Bacterial isolates 
Isol. 1 Isol. 3 Isol. 5 Isol. 7 Isol. 9 Isol. 20 
Gram reaction + + + + - + 
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Morphology Rod Rod Rod Cocci Rod 
Rod 
 
Oxygen 
requirment 
Aerobic Aerobic 
Aerobi
c 
Aerobic Aerobic 
Aerobi
c 
Oxidase test NA NA NA NA + 
NA 
 
Glucose 
fermentation 
NA NA NA NA - NA 
Lactose 
fermentation 
+ + + NA NA + 
Catalase test NA NA NA + NA 
NA 
 
Manitol 
fermentation 
NA NA NA - NA NA 
Starch 
hydrolysis 
+ + + NA NA + 
VP test + + + NA NA 
+ 
 
Cell diameter ≤ 1µm ≤ 1µm ≤ 1µm ≤ 1µm NA 
≥ 1µm 
 
Citrate test - - - NA NA 
+ 
 
6.5% NaCl  
Growth 
- - - NA NA + 
Color NA NA NA Yellow NA 
NA 
 
Identity 
Bacillus 
mycoide
s 
Bacillus 
cereus 
(motile
) 
Bacillus 
sp. 
Micrococcu
s sp. 
Pseudomona
s sp. 
Bacillus 
subtilu
s 
+  positive result, -  negative result, NA  test not applicable 
All the results are the mean of 3 replicates 
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CHAPTER # 4 
ENHANCING THE DECOLORIZING AND DEGRADATION 
ABILITY OF BACTERIAL CONSORTIUM 
  
4.1 INTRODUCTION  
Microbial systems have been described for remediation of metals and dye 
contaminated soils and water (Ali et al. 2009). The effectiveness of microbial 
decolorization depends on the adaptability and the activity of selected microorganisms 
(Saratale et al. 2009). The usually bacterial processes of degradation and 
decolorization are slow, enhancement of these processes is needed (Toro et al. 2013). 
Biodegradation process can be enhanced by adding somes redox mediators which 
accelerate the dye reduction process. Bacteria express their full capacity to degrade 
the pollutants in optimal conditions. The study of physiological characteristics and 
underlying mechanisms of dye biodegradation at specific temperature and pH is much 
important (Sarioglu et al. 2007; Deng et al. 2008; Wang et al. 2009). Temperature, pH 
and supplements have great influence on their growth (Jain et al. 2012; Mao et al. 
2012). Textile effluents taken by plants lead to phytotoxicity and result in growth 
reduction, less biomass production, reduction in root and shoot length and decrease in 
chlorophyll contents. The metabolites produced by the result of enhanced 
decolorization and degradation of textile dyes were applied on the seeds of Zea mays 
L. (Maize) and Sorghum vulgare Pers. (Sorghum) and their effects were investigated 
on germination. 
 
OBJECTIVES  
Following are the specific objectives of this chapter: 
1. Optimization of pH and temperature for decolorization 
2. Enhancing the decolorizing and degradation ability of bacterial consortium 
3. Effect of treated and untreated textile dyes on seeds of maize and sorghum 
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4.2 MATERALS AND METHODS 
4.2.1 Determination of optimal growth conditions for bacterial consortium 
Consortium BMP/SDSC-01 selected in section 3.3.3 (Mahmood et al. 2012) consisted 
of six bacterial isolates Bacillus subtilus, Bacillus cereus, Bacillus mycoides, Bacillus 
sp., Pseudomonas sp. and Micrococcus sp. was used. The bacterial isolates and 
consortium were optimized at pH 6, 6.5, 7, 7.5, 8, 8.5 and at temperatures 27, 32, 37, 
42, 47 0C on nutrient broth having red, green, black and yellow dyes 200 ppm of each 
(Zahoor and Rehman 2009). 
4.2.2 Enhancement in the decolorization ability of consortium 
Decolorization ability of bacterial isolates and developed consortium was analyzed by 
using spectrophotometer (SpectroScan 80D UV–VIS) at optimum wavelength 510 nm 
for red and black, 410 nm for yellow, 340 nm for green dyes and 520 nm for mixed 
dyes. All the decolorization experiments were performed in triplicates on nutrient 
broth with and without supplements (starch, urea, sodium chloride, ammonium 
chloride and ascorbic acid).The decolorization activity was expressed in terms of 
percentage decolorization using formula of Cheriaa et al. (2012) 
 
Decolorization % =           At0 – Atf   x 100 
                                             At0 
Where; 
At0 = initial absorbance 
Atf = absorbance at incubation time 
 
4.2.3 Phytotoxicity studies 
In order to assess the toxicity of dyes and degraded compound of dyes, phytotoxicity 
tests were performed on seeds of Zea mays L. CV C1415 (maize) and Sorghum 
vulgare Pers. CV SSG5000 (sorghum). The metabolites of red, green, black and 
yellow dyes were dried and dissolved in 10 ml distilled water. The study was carried 
out at room temperature (25-27 0C) by watering 5 ml of 200 ppm of red, green, black 
and yellow dyes. Control set was carried out using irrigation water at the same time. 
All the experiments were performed in triplicates on petri plates each having 20 seeds. 
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Germination percentage as well as the lengths of plumules and radicles were recorded 
after 7 days (Saratale et al. 2009). 
4.3 RESULTS  
4.3.1 Decolorization by individual strains and consortium 
Isolated bacteria alone and in consortium were examined in the present study for the 
decolorization of red, green, black and yellow dyes. The pure culture of six isolates 
decolorized the red dye from 74 to 79% within 72 hours, while the consortium 
decolorized 84% in 24 hours (Appendix 1, Plate 4), which is due to accumulative 
affect of the bacteria present in the consortium. The green dye was decolorized by 
individual isolate from 71 to 79% and enhanced by the consortium up to 84% .The 
black dye was decolorized up to 85% by consortium, while individual strains show 
maximum efficiency of 72% (Table 4.1). Similarly yellow dye decolorization by 
individual strains was less (74-79%) than the consortium (85%).   
4.3.2 Effect of temperature and pH on decolorization ability of consortium  
Decolorization percentage exhibited by consortium for red and green dyes was 84% 
and 85% for both black and yellow dyes at 37 0C and pH 7.5. It was observed that 
decolorization decrease at pH 6 and 8.5, as the enzymatic system of bacteria is very 
sensitive to pH. The consortium was capable of decolorization from 27-47 0C, but 
decolorization percentage decreased above and below 37 0C. The consortium 
exhibited maximum decolorization of dyes at temperature 37 0C and pH 7.5 (Fig. 4.1 
and 4.2).  
4.3.3 Enhancement in the decolorization ability of consortium 
 
Presence of different supplements may enhance or retard the decolorizing ability of 
consortium. For this purpose different supplements were tested. The consortium was 
able to decolorize 200 ppm of red (84%), green (84%), black (85%), yellow (85%) 
and mixed dyes (82%) within 24 h without supplements, whereas on supplementing 
with urea the consortium decolorization ability of consortium increased up to 87, 86, 
89, 86 and 83% respectively (Fig. 4.3). Maximum decolorization was achieved by 
sodium chloride supplementation. Statistical analysis of the data also showed that 
maximum decolorization was observed by using sodium chloride while minimum was 
given by starch (Table 4.3).   
4.3.4 Effect of sodium chloride on decolorizing ability of consortium  
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The decolorizing  efficiency  of  consortium for  red, green, black and yellow dyes  
over  a  range  of  NaCl  concentrations (50 ppm to 400 ppm)  was assessed at 37 0C.  
The results indicated that decolorization was maximum at 100 ppm and it started 
decreasing at 200 ppm and above (Fig. 4.4).  
 
4.3.5 Phytotoxicity studies 
The relative sensitivity of Z. mays and S. vulgare towards the red, green, black and 
yellow dyes and its degradation products by consortium were studied. The plumule 
length and radicle length of Zea mays were 20 ± 0.64 and 6 ± 0.96 cm, respectively, 
and, in case of Sorghum vulgare, 22 ± 1.14 and 6 ± 0.68 cm, respectively, whereas 
germination was 100%. The germination of Z. mays was inhibited to 37.5%, 41%, 
34% and 39%, when treated with 200 ppm of red, green, black and yellow dyes, 
respectively. While the germination of S. vulgare was also inhibited to 33%, 36%, 
34% and 42% when treated with 200 ppm of red, green, black and yellow dyes, 
respectively. Plumule and radicle length of Z. mays drastically affected when treated 
with 200 ppm of red, green, black and yellow dyes, which was 5±0.08, 6.5±0.95, 
4.5±0.48 and 5±0.41 and 2±0.11, 3±0.02, 2±0.042 and 2±0.027, respectively. Plumule 
and radicle length of S. vulgare decreased up to 3±0.22, 4.3±0.81, 3.5±0.38 and 
4.1±0.52 and 2±0.024, 2.3±0.11, 2.9±0.12 and 2.4±0.28, respectively when treated 
with 200 ppm concentration of red, green, black and yellow dyes. The germination of 
Z. mays was 96, 95, 96 and 96% when treated with degradation products of red, green, 
black and yellow dyes, respectively. Similarly the germination % of S. vulgare was 
96, 97, 98 and 97. Plumule and radicle length (cm) of Z. mays when treated with 
degradation products of red, green, black and yellow dyes was 14, 15, 12 and 13 and 
4, 5, 4.5 and 5.2, respectively. Plumule and radicle length (cm) of S. vulgare was 
7±0.30, 7.5±1.01, 7.5±0.78, 7.1±0.46 and 4.2±0.15, 4.5±1.04, 49±1.04 and 5.4±1.04, 
respectively when treated with degradation products of red, green, black and yellow 
dyes (Table 4.2).  
4.4 DISCUSSION 
Decolorization of textile dyes is critical as it leads to environmental losses. Studies 
reported that individual strains differ significantly in their decolorization ability 
towards dyes. This might be due to the number of factors like; structure of dye, 
bioavability of dye, toxicity, bacterial genes and metabolic pathways (Saratale et al. 
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2011). In the present study the decolorization of red, green, black and yellow dyes by 
consortia was observed up to 85% within 24 hours, whereas maximum degradation by 
individual bacteria was shown up to 79% within 72 hours. Number of studies also 
reported the effectiveness of consortia over the individual bacteria. Khouni et al. 
(2012) successfully decolorized reactive dyes up to 70% with the use of “Bx” 
microbial consortia. Similarly, Joshi et al. (2010) explored the decolorization potential 
of consortia over individual strains. This consortium was able to degrade 8 textile 
dyes of 1 mg each in 3.5 h at static condition at 5-50 0C. In the present study, the 
results indicated more significance in decolorization at 27-47 0C of 200 mg dyes in 24 
hours. 
Number of abiotic conditions influences the decolorization ability of bacterial 
strains, thus it is very important to optimize the different condition to get maximum 
and efficient decolorization. Factors or conditions that influence are; temperature, pH, 
concentration of dyes, presence and absence of carbon source, etc. In the present 
study, the consortium exhibited decolorization of red, green, black and yellow dyes up 
to 85% (pH 7.5; 37 0C) while 82% for mixed dyes. Further increase or decrease in pH 
lead to decrease in decolorization. This pH specificity is due to the sensitivity of 
enzymes towards pH. The optimum pH level for dye decolorization is often between 
6-10 (Chen et al. 2003). Moosvi et al. (2007) and Jain et al. (2012) reported the same 
finding showing maximum decolorization at 7.5 pH and 37 0C. Presence of different 
supplements may enhance or retard the decolorizing ability of consortium. On 
supplementing sodium chloride the consortium decolorized dyes up to 94% within 24 
hours. Starch supplement did not affect the decolorization of dyes. Ammonium 
chloride and ascorbic acid also increased the decolorization. It might be due to role of 
salt in inhibition of reducates enzyme. Therefore consortium was competent in 
decolorization of red, green, black and yellow dyes between 50 ppm to 400 ppm. The 
results of present study are in accordance with Wang et al. (2012). High or low salt 
concentrations affect osmotic pressure in bacterial cells and leads to growth inhibition 
and cell death (Kolekar et al. 2008).  
Before and after treatment of the textile effluent, in situ monitoring of cytotoxicity 
and genotoxicity was tested by Allium test. The results of the test showed that 
cytotoxicity level can be use as parameter of in environmental studies (Carito and 
Marin-Morales 2008). The use of untreated textile effluent in agriculture can change 
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germination rates and biomass of several crops. The untreated effluents discharge in 
water bodies lead to deterioration of habitats for wildlife, soil erosion and also can 
affect soil fertility. Disturbed flora and fauna can easily be seen in rivers receiving 
untreated textile effluents. So, close monitoring of textile dyes before and after 
degradation is important for the ecological health (Saratale et al. 2013).     
Biodegradation of effluent leads to generation of various degradation products. 
Therefore, it is virtually important to study the toxicity impact of these degradation 
products on plants (Kalyani et al. 2008). Results obtained with red, green, black and 
yellow dyes and their degradation products are in agreement with results reported by 
Saratale et al. (2009) and Phugare et al. (2011). The result indicates that the extracted 
degradation products by consortium gives nontoxic products, resulting in good 
germination, as well as plumule and radicle length of Z. mays and S. vulgare when 
compared to dyes. Thus, phytotoxicity studies showed that the biodegradation of the 
red, green, black and yellow dyes by the consortium led to detoxiﬁcation of the textile 
dyes.  
4.5 CONCLUSION  
A bacterial consortium BMP/SDSC-01 consisting of bacterial isolates (Bacillus 
cereus, Bacillus mycoides, Bacillus subtilus, Bacillus sp. Micrococcus sp. and 
Pseudomonas sp.) belonging to three genera exhibited good decolorization, 
degradation and detoxifying of red, green, black, yellow dyes and mixture of all these 
dyes. The consortium BMP/SDSC-01 has not been reported so far to our knowledge 
for dyes decolorization and degradation. This consortium showed efficient 
decolorization at pH 7.5 and temperature 37 0C. The use of urea, sodium chloride, 
ammonium chloride and ascorbic acid enhanced the decolorization ability of 
consortium BMP/SDSC-01. Thus, phytotoxicity studies on Z. mays and S. vulgare 
showed that the biodegradation of the red, green, black and yellow dyes by the 
consortium BMP/SDSC-01 led to detoxiﬁcation of the pollutant. It gives an advantage 
for treatment of textile effluents. 
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Table 4.1: Comparison of dye decolonization by different isolates from textile industry effluent.   
Sr 
No 
Dyes Chemical Class λmax 
nm 
Decolonization (%) 
Incubation time 
                      72h 24h 
Bacillus 
mycoides 
Bacillus 
cereus 
Bacillus sp. Pseudomonas 
sp. 
Micrococcus 
sp. 
Bacillus 
subtilus 
Consortium 
 
1 Red Carmine acid 510 74 76 75 79 78 77 84 
2 Green Benzenesulfonate 340 76 75 79 76 79 78 84 
3 Black Monoazo 510 73 74 74 77 77 79 85 
4 Yellow Monoazo 410 76 74 77 78 79 79 85 
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Table 4.2: Phytotoxicity test of different treated and untreated textile dyes 
 
 
 
Crops Parameters Control  Red dye Degraded 
red dye 
Green dye Degraded 
green dye 
Black dye Degraded 
black dye 
Yellow 
dye 
Degraded 
yellow 
dye 
Maize 
Germinatio
n (%) 
100 37.5±0.70 96.5±0.70 41±1.41 95±1.41 34±0.70 96.5±0.70 39.5±0.70 96.5±2.12 
Plumule 
length (cm) 
20±0.64 5±0.08 14±0.79 6.5±0.59 15±1.3 4.5±0.48 12.5±1.40 5±0.41 13±0.72 
Radicle 
length (cm) 
6±0.96 2±0.11 4±0.04 3±0.02 5±0.31 2±.040 4.5±0.63 2±0.027 5.2±0.14 
Sorghum 
Germinatio
n (%) 
100 33±2.49 96±3.11 36±1.90 97±2.87 34±1.17 98±1.41 42±1.44 97±1.12 
Plumule 
length (cm) 
22±1.14 3±0.22 7±0.30 4.3±0.81 7.5±1.01 3.5±0.38 7.5±0.79 4.1±0.52 7.1±0.46 
Radicle 
length (cm) 
6±0.68 2±0.024 4.2±0.15 2.3±0.11 5.4±1.04 2.9±0.12 4.9±1.04 2.4±0.28 5.4±1.05 
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Table 4.3: One-way ANOVA effect of different enhancers on decolorization 
potential of isolated indigenous bacteria 
Dyes df Mean Square F Sig. 
Red 4 23.342 8.957 0.017 
Green 4 29.600 11.476 0.010 
Black 4 16.400 9.913 0.014 
Yellow 4 27.000 22.484 0.002 
Mixed 4 19.400 20.867 0.003 
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Figure 4.1: Effect of pH on decolorizing ability of consortium 
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Figure 4.2: Effect of temperature on decolorizing ability of consortium 
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Figure 4.3: Effect of supplements on decolorizing ability of consortium 
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Figure 4.4: Effect of sodium chloride on decolorizing ability of consortium 
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CHAPTER # 5 
BIOREMEDIATION OF TEXTILE EFFLUENT BY 
ISOLATED INDIGENOUS BACTERIAL CONSORTIA  
  
5.1 INTRODUCTION  
The effectiveness of the biological treatment of textile effluent depends on the 
adaptability and the activity of selected microorganisms. There is a growing concern 
regarding adverse effects on aquatic biota and humans due to the contamination of 
water by textile effluent. (Saratale et al. 2009; Carneiro et al. 2010). These resistant 
properties of textile dyes inhibit the attack of microorganisms. Removal of such dyes 
is a matter of serious concern (Barka et al. 2011). As the process of biodegradation is 
relatively inexpensive, running costs are low and the end products of complete 
mineralization are not toxic. Mostly reduction occurs during active bacterial growth 
(Ong et al. 2012). 
Heavy metals are often used in different textile processes and are frequently found in 
textile wastewaters in free ionic or complex compound state. When these heavy 
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metals reached the water bodies, they settle down in the sediment and accumulate in 
bodies of aquatic organisms on inhalation thus causing serious health impacts leading 
to the death of those organisms (Phugare et al. 2011). Land irrigated with textile 
effluent causes serious impacts on plant growth as soil can act as a sink for heavy 
metals and other resistant chemicals, as a result productivity is reduced in such soils. 
Metal leaching causes contamination of ground water. These contaminants entered in 
the food chain and become health risk for plants, animals and human (Ross 1994). 
However, treated textile effluent could be a good source of irrigation water. 
Investigation of pollutants impacts on plant growth could be of prime importance as 
plants are commercial products of a country (Jadhav  et al. 2010). 
OBJECTIVES  
The bioremediation of textile effluents was carried out by the selected bacterial 
consortia. Effect of untreated and treated textile effluent was investigated on Zea 
mays L. (Maize). Following are the specific objectives of present study: 
1. Physiochemical characterization of  
textile effluents before and after bioremediation  
2. Determination of maximum resistant 
limits of isolated bacteria against heavy metals  
3. Bioremediation of textile effluents by 
bacterial consortia  
 
5.2 MATERIALS AND METHODS 
5.2.1 Bacterial consortia  
Following three consortia selected in previous section 3.3.3 were used for the 
bioremediation of textile effluent.   
1. Consortium BMP1/SDSC-01:  Bacillus subtilus, Bacillus cereus, Bacillus 
mycoides, Bacillus sp, Pseudomonas sp., Micrococcus sp. 2. Consortium 
BMP2/SDSC-02: Bacillus sp. Micrococcus sp., Pseudomonas sp. 3. Consortium 
BBP/SDSC-03: Bacillus cereus, Bacillus mycoides, Pseudomonas sp.  
5.2.2 Physicochemical characterization of textile effluents 
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Characterization of the effluent for various parameters such as temperature, colour, 
pH, EC, nitrogen (N), phosphorus (P), chloride (Cl), chemical oxygen demand 
(COD), biochemical oxygen demand (BOD), total dissolved solids (TDS), total 
suspended solids (TSS) and heavy metals (Cu, Cd, Cr, Ni, Mn & Pb) was carried out 
before and after treatment by bacterial consortia to measure reduction in these 
parameters (Ali et al. 2009). 
5.2.3 Maximum resistant limits to heavy metals 
The isolated indigenous bacteria were incubated on nutrient agar containing 50 ppm 
of Cu, Cd, Cr, Ni, Mn and Pb each. The maximum resistant limits to heavy metals of 
bacterial isolates was determined by using solution of 50 ppm, 100 ppm, 150 ppm, 
200 ppm 400 ppm, 500 ppm, 1000 ppm, 1200 ppm, 1400 ppm, 1600 ppm and 1800 
ppm  solutions  of deferent metal salts (copper sulphate, cadmium chloride, potassium 
dichromate, nickel, manganese chloride and lead nitrate). The maximum resistant 
limits for the bacterial isolates were checked by increasing the concentration of 
respective metal stepwise (Guo et al. 2010).  
5.2.4 Effect of treated and untreated textile effluent on seeds of maize 
In order to assess the effect of treated and untreated textile effluent on maize 
(common agricultural crop of Pakistan), the tests were performed on Zea mays L. CV 
C1415. The textile effluent treated by consortium BMP 1 was used. The study was 
carried out at room temperature (20 seeds by watering 5 ml). Control set was carried 
out using irrigation water at the same time. Germination (%) as well as the length of 
plumule and radical was recorded after 7 days (Saratale et al. 2009). 
  
 
 
 
5.3 RESULTS 
5.3.1 Physicochemical characterization of textile effluents 
The effluents collected from Nishat Mills Limited were brownish black in color, 
pungent smell, high temperature (35.6 0C) and alkaline pH (8.66). Electric 
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conductivity of effluents was 5.78 ms/cm, indicating the high amount of dissolved 
salts. TSS (3920 mg/l) and TDS (4960 mg/l) were quite high. Nitrogen, phosphorus, 
chloride and surface tension of the textile effluents were 16 mg/l, 5.4 mg/l, 273 mg/l 
and 71.16 mN/m, respectively. A high load of COD (1219 mg/l) and BOD (370 mg/l) 
was also observed. The analysis for heavy metals showed high amount as compared to 
National Environmental Quality Standards (NEQS 2000). The average amount of 
metal ions like Cu, Cd, Cr, Ni, Mn and Pb was 8.54, 0.59, 2.34, 1.12, 3.87 and 0.62 
ppm, respectively (Table 5.1).       
5.3.2 Decolorization and maximum resistant limits of bacterial isolates against 
heavy metals 
It was observed that bacterial isolates showed remarkable behavior for the 
degradation of dyes present in textile effluents. The maximum decolorization for red, 
green, black and yellow dyes by Bacillus mycoides was 74%, 76%, 73% and 76%, 
respectively while for Bacillus cereus was 76%, 75%, 74% and 74% respectively. 
Bacillus subtilus decolorized (%) red, green, black and yellow dyes up to 77, 78, 79 and 
79. The Micrococcus sp. was responsible of decolorizing the red, green, black and 
yellow dyes to 75%, 71%, 73% and 77%, respectively. The Pseudomonas sp. showed 
decolorizing of red, green, black and yellow dyes up to 79%, 76%, 77% and 78%, 
respectively (Table 5.2). 
A great deal of resistance was shown by the bacterial isolates, when incubated on 
nutrient agar having different concentrations of heavy metals. Bacillus mycoides 
showed maximum resistant limit 150 ppm, 100 ppm, 200 ppm, 100 ppm, 50 ppm and 
500 ppm for Cu,   Cd, Cr, Ni, Mn and Pb respectively.  Similarly Bacillus cereus 
showed 200 ppm for Cr and Pb while Bacillus sp. and Micrococcus sp. were 
maximum resistant at 1000 ppm Pb. While Bacillus subtilus showed maximum 
resistant limit at 1000 ppm for Cr. The Pseudomonas sp. had maximum resistant limit 
(1600 ppm) for Cr which was higher than other heavy metals (Table 5.2). 
5.3.3 Effect of selected consortia on reduction of pollutants 
The results indicated that consortium BMP1 show remarkable behavior towards the 
reduction of pollution parameters than other two consortia. The consortium BMP1 
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reduced EC, pH, nitrogen, phosphorus, chloride, BOD, COD, TDS and TSS up to 
52.98%, 11.85%, 79.02%, 68.78%, 46.42%, 59.49%, 61.35%, 44.93% and 52.58%, 
respectively. While consortium BMP2 exhibited  39.41%, 8.03%, 73.19%, 64.321%, 
41.01%, 48.53%, 51.15%,35.79% and 43.22%   reduction  for EC, pH, nitrogen, 
phosphorus, chloride, BOD, COD, TDS and TSS, respectively. Similarly consortium 
BBP also exhibited 46.23%, 9.58%, 75.37%, 67.11%, 44.12%, 54.71%, 56.28%, 
40.31% and 48.88%  reduction for EC, pH, nitrogen, phosphorus, chloride, BOD, 
COD, TDS and TSS, respectively (Figure 5.1).   
5.3.4 Heavy metal reduction ability of various consortia in textile effluents  
The consortium BMP1 reduced Cu, Cd, Cr, Ni, Mn and Pb up to 92.3%, 89.46%, 
83.52%, 80.7%, 88.3% and 93.5%, respectively.  Consortium BBP was also able to 
reduce 77.5%, 64.6%, 71.2%, 68.9%, 81.7% and 81.1% of Cu, Cd, Cr, Ni, Mn and Pb, 
respectively. While consortium BMP2 showed low % reduction than both consortia. It 
reduced Cu, Cd, Cr, Ni, Mn and Pb up to 66.4, 54.8, 60.2, 51.3, 67.2 and 62.4%, 
respectively (Fig. 5.2).  
5.3.5 Heavy metal reduction by consortium BMP1 in textile effluents 
Among the three consortia only consortium BPM 1 was able to reduce the Cu, Cd, Cr, 
Ni, Mn and Pb up to permissible limits (Table 5.3).  The consortium BPM 1 can be 
exploited for the bioremediation of Cu, Cd, Cr, Ni, Mn and Pb containing wastes, 
since it seems to have a potential to reduce up to permissible limits. 
5.3.6 Effect of treated and untreated textile effluent on maize 
The water bodies used for irrigation purposes contain untreated effluent from dyeing 
industry. This practice is of great environmental concern as it associated with biotic 
and ecosystem health. Soil fertility is directly and indirectly dependent on irrigation 
water. Biodegradation of effluent leads to generation of various products. Therefore it 
is virtually important to study the toxicity impact of these degradation products on 
plants (Kalyani et al. 2008). Treated and untreated textile effluents were applied on 
Zea mays L. to study their effect on seed germination and seedling health. The 
plumule and radical length for control were 20±0.64 and 6±0.96 cm, respectively, 
whereas germination was 100% (Figure 5.3).  The germination was inhibited to 39%, 
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while plumule and radical length was up to 6 cm and 2 cm respectively (Figure 5.4). 
When textile effluent treated by consortium BMP1 was applied, the germination was 
94% while plumule and radical length was 13 cm and 5 cm respectively, it was very 
close to control.  
5.4 DISCUSSION  
The bacterial consortia BMP1, BMP2 and BBP were developed from isolates of textile 
effluents, sludge and effected soil of Nishat Mills Ltd., Lahore, Pakistan. The 
bacterial consortia BMP1, BMP2 and BBP found to have significant potential on 
decolorization of the textile effluent. The venture of present study was to evaluate the 
use of a biological treatment by developing bacterial consortia for decolorization and 
reduction of pollution parameters from textile effluent. The reason for effective 
decolorization of the effluent by consortia might be associated with the combined 
metabolic activities and interactions of these bacterial isolates. The results of the 
current study were comparable to the research conducted by Joshi et al. (2010) and 
Kaur et al. (2010). 
The high levels of COD in the textile effluents indicated the toxicity level of pollution 
which is very harmful for the whole ecology of aquatic ecosystem of the receiving 
bodies (Dawkar et al. 2010). The COD of the industrial effluent mainly depends upon 
the organic load of the effluent (). The reduction in COD and BOD after treatment 
with consortium BMP1 was consequent of the removal of organic load from effluent 
and ultimately the toxicity (Ong et al. 2012). The exceeded permissible limits of 
pollution parameters reduced the natural process of bioremediation. The concentration 
of the solids in textile effluent was another matter of concern and the carcinogenic 
effect of the dyes adds to it. The results of the present study indicated that the 
consortium BMP1 can be used for the treatment of such waters. Reduction in the 
concentration of TDS and TSS were near 50% due to degradation of these solids by 
the bacteria present in the consortium. The results were in accordance with those as 
observed in other studies (Ali et al. 2009; Kumar et al. 2010). 
The usage of higher amount of metal containing dyes for dying process contribute 
high metal concentration in textile effluent, which causes a lot of problems associated 
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with human and ecosystem health. A variety of mechanisms exist for the removal of 
heavy metals from aqueous solution by bacteria, fungi, algae, macrophytes and higher 
plants. The bacterial response to the presence of metals includes processes such as 
biosorption, active cell transport and enzymatic binding (Rehman et al. 2008; Zahoor 
and Rehman 2009; Shakoori et al. 2010).  Efficiency of consortia might be associated 
with different specificity of the metals towards biding sites present on the bacterial 
cells. Hence all the bacterial consortia not only exhibited the ability to survive in 
contaminated textile effluent (Guo et al. 2010) but also demonstrated remediation of 
toxic heavy metals (Cu, Cd, Cr, Ni, Mn & Pb). The consortium BMP1 represented a 
marked increase in bioremediation of Cu, Cd, Cr, Ni, Mn & Pb. It might be due to the 
proteins induced during stress period (Nies 2003).  Therefore bacterial consortium 
BMP1 can be used for the bioremediation of Cu, Cd, Cr, Ni, Mn & Pb containing 
effluent, since it seems to have a potential to reduce these toxic heavy metals. 
The results of the present study illustrated a significant difference in lengths of 
plumule and radical of the Zea mays L. CV C1415 grown in the irrigation water 
(control) and textile effluent. Plant germination and growth are the techniques used to 
evaluate the effect of treated and untreated textile effluent. Germination has been 
regarded as a less sensitive method than plumule and radical length (Gomare et al. 
2009). The results of the present study suggested that textile effluents were toxic and 
treated with consortium BMP1 were non-toxic to a common crop of Punjab, Pakistan 
such as maize (Zea mays L. CV C1415). The ultimate aim of bioremediation and 
biodegradation was to reduce the concentration of environmental pollutant as well as 
its toxicity. The present study and literature indicated that the textile effluent exert 
strong effects germination, plumule and radical length of maize (Saratale et al. 2009; 
Phugare et al. 2011).  
5.5 CONCLUSION 
Nishat Textile Mills Limited effluents are clearly imparting a high load of dyes and 
heavy metals into Hudiara drain. The bacterial consortia were used for the 
bioremediation of heavy metals (Cu, Cd, Cr, Ni, Mn & Pb), dyes removal and other 
effluent parameters (colour, pH, EC, N, P, Cl, COD, BOD, TDS, TSS). Significant 
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reductions in all these parameters were found with BMP1 consortium. The study also 
showed that effluent treated by consortium BMP1 was not toxic to maize (Zea mays 
L. CV C1415). Hence, present work demonstrates that consortium BMP1 (Bacillus 
subtilus, Bacillus cereus, Bacillus mycoides, Bacillus sp., Pseudomonas sp. and 
Micrococcus sp.) could be the best biological tool for textile effluent treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.1: Characteristics of textile effluent              
   
Parameters Concentration  NEQS (2000) 
Temperature 35.50 ±1.500C 40.00 0C 
Colour Brownish black - 
EC (ms/cm) 5.78 ±0.13 - 
pH 8.66±0.26 6.00-10.00 
Nitrogen (mg/l) 16.00±0.65 - 
Phosphorous(mg/l) 5.40±0.05 - 
Chloride (mg/l) 273.00±3.23 1000.00 
Surface Tension (mN/m) 71.36±1.12 - 
DO (ppm) 0.14±0.02 - 
BOD(mg/l) 370.00±2.56 80.00 
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COD(mg/l) 1219.00±3.78 150.00 
TDS(mg/l) 4960.00±3.54 3500.00 
TSS(mg/l) 3920.00±2.95 150.00 
Cu (ppm) 8.54±0.15 1.00 
Cd (ppm) 0.59±0.10 0.10 
Cr (ppm) 2.34±0.12 1.00 
Ni (ppm) 1.12±0.09 1.00 
Mn (ppm) 3.87±0.11 1.50 
Pb (ppm) 0.62±0.08 0.50 
Detection limits:  Cu, Cd, Pb& Ni = 0.05ppm 
Mn & Cr = 0.01ppm 
 
 
 
 
 
 
 
 
 
 
Table 5.2: Comparison of dyes decolonization and maximum resistant limits for 
heavy metals by different bacterial isolates from textile industry effluent 
 
 
Bacterial isolates 
Dyes Heavy metals 
 
Red 
 
Green 
 
Black 
 
yellow 
 
Cu 
 
Cd 
 
Cr 
 
Ni 
 
Mn 
 
Pb 
 Decolorization (%)  Maximum resistant limits (ppm) 
Bacillus mycoides 74 76 73 76 150 100 200 100 50 500 
Bacillus cereus 76 75 74 74 100 50 200 150 100 200 
Bacillus subtilus 77 78 79 79 50 50 1000 200 100 50 
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Bacillus sp. 77 78 79 79 50 50 200 150 50 200 
Micrococcus sp. 75 71 73 77 50 50 200 150 50 1000 
Pseudomonas sp. 79 76 77 78 100 50 1600 200 200 150 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.3: Heavy metal reduction by consortium BMP1 in textile effluents 
 
Heavy 
metals 
Concentration 
in effluents 
(ppm) 
Concentration 
remaining 
(ppm) 
 
Reduction 
(%) 
Cu 8.54 
0.65 
92.30 
Cd 0.59 
0.06 
89.46 
Cr 2.34 
0.38 
83.52 
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Ni 1.12 
0.21 
80.70 
Mn 3.87 0.45 88.30 
Pb 0.62 
0.04 
93.50 
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Figure 5.1: Reduction of pollution parameters from textile effluents by various 
consortia 
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Figure 5.2: Reduction of heavy metals in textile effluents by various consortia 
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Figure 5.3: Effect of treated and untreated textile effluent on maize germination 
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  Figure 5.4: Effect of treated and untreated textile effluent on plumule and 
radical length of maize 
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CHAPTER # 6 
EFFECT OF UNTREATED AND TREATED TEXTILE EFFLUENT 
ON ZEA MAYS L.  AND SORGHUM VULGARE PERS. 
 
6.1 INTRODUCTION   
Fresh water has become a serious global issue because of its over exploitation in the world which 
is the major restraint to the future food security and sustainability. Presently water crises are 
common features of the modern world. About 34 % of the world population is suffering with 
moderate to high water stress, this may increase to 50 % till 2030. Water becomes a limited 
resource at regional and local scales as consumption is exceeded to its renewability or is polluted 
(Rockstrom et al. 2009; Page et al. 2011; Domenech et al. 2013). Treatment of textile effluent 
has the potential to produce large amounts of water for irrigational use. Bioreactors are important 
in treating textile effluent both in aerobic and anaerobic conditions. There are different types of 
bioreactors having their own specific advantages according to manufacturing design. In glass 
bioreactor, sun light is used as energy source so it is eco- friendly and cost effective (Kabra et al. 
2013). It is essential to eliminate indigenous bacteria from the treated effluent before discharge 
(Gomaa 2012). Reutilization of waste water for irrigation purposes after treatment has also been 
reported by Martins et al. (2010). All over the world, the researchers have highlighted the 
significance to appraise effluent eco-toxicity (Tigini et al. 2011). The literature showed that the 
effects of detoxified textile dyes and effluents are evaluated on common crops only at 
germination stage (Saratale et al. 2009; Jadhav  et al. 2010; Khandare et al. 2013). To get 
comprehensive picture, it is necessary to check the effects of detoxified textile effluent on 
growth of the crops. For this purpose, consortium BMP1/SDSC/01 used, capable of detoxifying 
the textile effluent was used, then the detoxified effluent was checked on two common cash 
crops for whole the growth period.  
OBJECTIVES  
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Following are the specific objectives of this chapter: 
1. Design a bioreactor for the biotreatment of textile effluents by using bacterial consortium 
BMP1/SDSC-01. 
2. Physicochemical characterization of textile effluents before and after biotreatment. 
3. Effect of biotreated and untreated textile effluents on various physiological parameters of 
Maize and Sorghum. 
6.2 MATERIALS AND METHODS 
6.2.2 Bioreactor design 
Consortium BMP1/SDSC-01 (having six indigenous bacterial isolates: Bacillus subtilus, Bacillus 
cereus, Bacillus mycoides, Bacillus sp., Micrococcus sp. and Pseudomonas sp.) selected in 
previous studies (Mahmood et al. 2012; 2013) was used as an inoculum for the bioremediation of 
textile effluent. A bioreactor was primarily designed to attain efficient, cost-effective and 
environmentally reliable bioremediation system. This bioreactor was a glass jar (20 L) having 
tight screw cap at top and a tap at bottom to collect bio-remediated water and was used for the 
bioremediation of textile effluent carried out at lab scale (Figure 6.1). The textile effluent (16 L) 
was taken in the glass jar; the consortium BMP1/SDSC-01 in nutrient broth was added at rate of 
100 ml/L of effluent. The pH (7.5-8.5) and temperature (32-37 °C) was maintained throughout 
the experiment (Martins et al. 2010).    
6.2.3 Bacterial obliteration by induced environmental stress 
Bacterial obliteration was done by inducing acetic acid stress. The acetic acid was added at the 
rate of 0.05 ml/L to the bio-remediated textile effluent and pH was measured. The biotreated 
effluent having acetic acid was used as inoculum to check the colony forming ability (CFA) of 
the consortium on nutrient agar. The bacterial growth was observed after 12, 24 and 36 hours of 
inoculum to assess bacterial elimination (Gomaa 2012). 
6.2.4 Physicochemical characterization of textile effluents before and after biotreatment 
Characterization of the textile effluent for various parameters such as temperature, colour, pH, 
EC, chemical oxygen demand (COD), biochemical oxygen demand (BOD), total dissolved solids 
(TDS) and total suspended solids (TSS) was carried out before and after the bioremediation by 
bacterial consortium BMP1/SDSC-01 in bioreactor (Ali et al. 2009). 
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6.2.5 Effect of biotreated and untreated textile effluent on physiological growth parameters 
of Maize and Sorghum. 
Experiment was conducted at Botanic Garden, GC University Lahore on Zea mays L. CV C1415 
(Maize) and Sorghum vulgare Pers. CV SSG5000 (Sorghum) to check efficacy of biotreated 
textile effluent. Thoroughly cleaned and polyethylene lined earthen pots of 30 cm diameter filled 
with botanic garden soil were used in experiment. The holes at the bottom of the pots were 
closed with pebbles in order to prevent excessive drainage. Overnight soaked seeds of both crops 
(2 in each pot) were grown. After one week of germination, one plant in each pot was selected 
after thinning. Experiment comprised of three replicates for each; control, untreated and 
biotreated textile effluent for both the crops. After one week of thinning, plants were irrigated 
with untreated and biotreated textile effluent while the control plants were irrigated with tap 
water for whole experiment at regular time intervals. During experiment plant height (cm), 
number of leaves and number of nodes were monitored weekly basis for a period of 12 weeks. 
Photosynthesis and transpiration rates were also monitored monthly and recorded by IRGA 
(Infra Red Gas Analyzer LCA4). At the time of harvest the plant fresh and dry weights were 
determined (Aslam et al. 2007). 
6.2.6 Statistical analysis 
Data were analyzed by one-way analysis of variance (ANOVA) using software package Co-stat 
version 3.03 (Steel et al. 1997). 
6.3 RESULTS  
6.3.1 Monitoring of bioreactor and bacterial obliteration  
In order to control the bacterial growth acetic acid was used, which proved efficient. Throughout 
the experimentation acetic acid was tested and results showed that bacterial growth is not 
possible in presence of acetic acid. The survival ability of the consortium was also tested 
throughout 7 days. All the bacterial isolates in consortium survived, which represent their 
potential in bioremediation. Contrary to this, these isolates did not survived in presence of acetic 
acid (Table 6.1).     
6.3.2 Treatment efficiency of bioreactor 
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The bioreactor successfully treated 16 L textile effluent in 7 days (Appendix 1, Plate 5). The 
effluents collected from Nishat Mills Limited were brownish black in color, pungent smell, high 
temperature (35.6 °C) and alkaline pH (8.66). Electric conductivity of effluents was 5.78 mS/cm, 
indicating the high amount of dissolve salts. TSS (3920 mg/l) and TDS (4960 mg/l) were quite 
high. Nitrogen, phosphorus, chloride and surface tension of the textile effluents were 16 mg/l, 
5.4 mg/l, 273 mg/l and 71.16 mN/m respectively. A high load of COD (1219 mg/l) and BOD 
(370 mg/l) was also observed. The analysis for heavy metals showed high amount as compared 
to National Environmental Quality Standards (NEQS 2000). The average amount of metal like 
Cu, Cd, Cr, Ni, Mn and Pb was 8.54, 0.59, 2.34, 1.12, 3.87 and 0.62 mg/l, respectively (Figure 
6.2). After treatment EC of effluent was brought to 3.18 (mS/cm), similarly pH was reduced to 
7.72. The values of nitrogen, phosphorous and chloride were 4, 1.74 and 149 (mg/l), 
respectively. The bioreactor tremendously reduced BOD from 273 to 149 mg/l and COD 1219 to 
143 mg/l. Similarly, TDS and TSS were reduced to 2930 and 1859 (mg/l), respectively. This 
bioreactor also proved efficient for the removal of heavy metals.  Heavy metals like, Cu, Cd, Cr, 
Ni, Mn and Pb were reduced to 0.65, 0.06, 0.38, 0.21, 0.45 and 0.04, mg/l respectively. All the 
values of treated effluent were under NEQS. This proved the efficiency and usefulness of the 
current bioreactor in textile effluent treatment. 
6.3.3 Effect of biotreated and untreated textile effluents on plant height of maize and 
sorghum 
After 12 weeks both maize and sorghum plants achieved significantly (P ≤ 0.05) lower heights 
irrigated with untreated textile effluent as compared to control (Table 6.2).  At the first week of 
monitoring the height of plants in control was 33.26±0.374, while it was 14.13±1.223 in plants 
irrigated with untreated textile effluent. At the same week, the plant height was 24.35±0.912 on 
applying biotreated textile effluents. The similar trend was observed throughout the experiment, 
at last week the plant height was 131.47±0.671, 93.26±1.781 and 124.41±2.00 cm in control, 
untreated and biotreated textile effluents, respectively. In case of sorghum, the result showed 
similar trend like maize. At the first week, height of plants in control was 26.49±0.721 and 
12.21±0.304 cm was in untreated textile effluents. In the same week, 24.25±1.774 cm was 
noticed in biotreated textile effluents. At the end of experiment, the height of plants increased to 
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127.33±0.947, 85.12±1.583 and 115.36±0.898 cm in control, untreated and biotreated, 
respectively (Appendix 1, Plate 6 & 7).  
6.3.4 Effect of biotreated and untreated textile effluents on number of leaves of maize and 
Sorghum 
The results clearly indicated that the highest number of leaves was present on the control plants 
which was reduced in plants irrigated with untreated textile effluent, while plants irrigated with 
biotreated effluent number of leaves was almost same as in case of control. At the end of 
monitoring period, it was noticed that 11.49±0.721, 7.62±0.176 and 9.41±0.862 number of 
leaves were present on control, plants irrigated with untreated and biotreated textile effluent, 
respectively (Table 6.3). At 10th week of monitoring, the number of leaves in control was 
7.7±0.282, in plants irrigated with untreated effluent was 7.01±0.304 while in plants irrigated 
with biotreated textile effluent 7.17±0.176 was observed.  
6.3.5 Effect of biotreated and untreated textile effluents on number of nodes of maize and 
sorghum 
Effect of biotreated and untreated textile effluents on nodes of maize was observed for 12 weeks. 
It was found that number of nodes in first week 3.04±0.077, 2.11±0.155 and 2.60±0.148 were in 
control, untreated and biotreated, respectively (Table 6.4). A similar trend was recorded 
throughout the experiment, at last week the number of nodes was 9.89±0.148, 6.62±0.176 and 
7.57±0.098 in control, plants irrigated with untreated and biotreated textile effluents respectively. 
The results were statistically significant while comparing both untreated and biotreated with 
control. In sorghum, the results were also statistically significant for number of nodes was 
8.17±0.240, 6.83±0.091 and 7.04±0.063 observed. The results indicated maize and sorghum 
plants growing in textile effluent showed decrease in number of nodes and internodes throughout 
the growing season. 
6.3.6 Effect of biotreated and untreated textiles effluent on transpiration and 
photosynthesis rate of maize and sorghum 
High rate of photosynthesis in control maize plants was observed (19.52±0.82). It was reduced to 
9.11±0.15 on treatment with untreated textile effluent (Table 6.5). While on applying biotreated 
textile effluent, it was improved to 16.95±0.35, the results were statistically significant. 
Regarding photosynthesis rate in sorghum plants, the control showed 15.25±0.38, untreated 
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textile effluent 8.73±0.12 and biotreated textile effluent 13.29±0.51. The results were also 
statistically significant in sorghum. Similar trend was observed in rate of transpiration when 
untreated and biotreated textile effluents were applied to maize and sorghum plants. In case of 
maize, transpiration rate in control, untreated and biotreated textile effluent was observed 
0.96±0.1, 0.41±0.1 and 0.84±0.2, respectively. While in sorghum, it was 0.56±0.2 (control), 
0.32±0.01 (untreated) and 0.51±0.03 (biotreated textile effluent) which showed that the 
transpiration rate is affected by untreated textile effluent. 
 
6.3.7 Effect of biotreated and untreated textile effluents on total fresh and dry weight of 
maize and sorghum 
After 12 weeks total fresh and dry weight in maize plants (control) was found to be 
142.86±1.675, 59.40±2.28, respectively which was reduced up to 84.00±0.388 and 45.38±0.346 
when plants irrigated with untreated textile effluent (Table 6.6). While on applying biotreated 
textile effluent fresh and dry weights improved to 99.3±1.131 and 44.07±1.456, respectively. In 
case of sorghum, fresh weight was observed control (133.88±1.994), untreated (77.55±1.895) 
and biotreated (94.37±0.254). While dry weight was 52.86±0.077 in control, 43.66±0.629 in 
untreated and 44.45±1.286 in biotreated textile effluent. The results indicated that textile effluent 
had toxic effects on maize and sorghum. 
6.4 DISCUSSION 
Different parameters of the textile effluents were studied both before and after the treatment in 
the bioreactor. A significant reduction of 52.98% in EC of the effluent was observed, this was 
due to utilization of different salts by the bacterial consortium (Ali et al. 2009). In the treated 
effluents, 11.85% reduction in pH was observed which was due to bio-remediating action of 
bacterial consortium on different pollutants in the effluent (Ali et al. 2009; Kaur et al. 2010). In 
the treated effluent concentration of nitrogen and phosphorous was 79.2% and 68.78% less than 
the untreated effluents, respectively. The change in the concentration of nitrogen and 
phosphorous was due to the utilization of the compounds as nitrogen and phosphorous sources 
by the bacterial isolates present in the consortium (Ong et al. 2012; Shah et al. 2012). BOD and 
COD value of treated effluent was 50% and 61%, respectively less than the untreated effluents. 
After the treatment values of the both parameters became within the NEQS limits. This reduction 
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in BOD and COD was due to degradation of textile dyes and other pollutants present in the 
untreated effluent (Kolekar et al. 2012). High value of chloride was measured in untreated 
effluents while 46.42% reduction was observed in treated effluents. Reduction in chloride 
concentration in textile effluents by bacterial treatment was also observed by Prasad and Rao 
(2010). It was noted that values of TSS and TDS in the untreated effluent were higher than the 
permissible limits (NEQS) while after treatment 45% and 53%, reduction was observed, 
respectively. This decrease in both parameters was mainly due to utilization by the bacteria 
present in the consortium (Prasad and Rao 2010). 
The consortium BMP1/SDSC-01 was also able to reduce the Cu, Cd, Cr, Ni, Mn and Pb up to 
permissible limits (Figure 6.2).  Metal containing textile dyes used in dying process are 
responsible for high metal concentration in textile effluent, which causes problems associated 
with human and ecosystem health, like abnormal growth and development, carcinogenesis and 
renal malfunction (Shakoori et al. 2010). A number of mechanisms exist for heavy metal 
removal from aquatic environment by bacteria, fungi, algae, macrophytes and higher plants. 
Biosorption, active cell transport and enzymatic binding are the processes mainly used by 
bacteria to remove heavy metals from the effluents (Rehman et al. 2008; Zahoor and Rehman 
2009). The consortium efficiency might be dependent on different metals biding sites present on 
the bacterial cells. The consortium BMP1/SDSC-01 showed a marked increase in bioremediation 
of Cu, Cd, Cr, Ni, Mn and Pb. 
The untreated textile effluents imposed high COD load and complex coloration due to the 
presence of textile dyes, which ultimately reduced the quality of water bodies used for irrigation, 
which ultimately reduces the soil fertility and crop yield (Khan et al. 2010). The biodegradation 
of effluents by isolated bacteria may lead to the generation of a variety of metabolites (Saratale et 
al. 2013). Therefore, it is virtually important to study the toxicity impact of these degradation 
products on the life stages of crops so that to overcome yield reduction. Saratale et al. (2009), 
Jadhav  et al. (2010) and Khandare et al. (2013) studied the effect of detoxified textile dyes and 
effluents on common crops at germination stages. Current study explored the phytotoxicity 
impact of textile effluents and biotreated effluents by consortium BMP1/SDSC-01 on plant 
height, number of leaves, photosynthesis and transpiration rate and biomass of Zea mays L. CV 
C1415 (Maize) and Sorghum vulgare Pers. CV SSG5000 (Sorghum), common crops of Punjab, 
 76 
 
Pakistan. The toxic effluent affects the growth rate, photosynthesis, transpiration, stomatal 
conductance, root and shoot length of plants. It also reduces the fresh and dry weight of crop 
resulting in low yield (Hayyat et al. 2013). The result clearly indicated that biotreated textile 
effluents are less toxic as compared to untreated effluents which are in agreement with the results 
reported by Phugare et al. (2011). The results supported that using consortium BMP1/SDSC-01 
(having six indigenous bacterial isolates: Bacillus subtilus, Bacillus cereus, Bacillus mycoides, 
Bacillus sp., Micrococcus sp. and Pseudomonas sp.) to treat textile effluents in glass bioreactor is 
safe and feasible in practical applications. The study showed that reuse potential of effluents is 
suitable for irrigation as current water sources are depleting day by day (Augustine 2009). Water 
scarcity has a great impact on human life as it becomes one of the most pressing problems. The 
global challenges to meet future demand are constrained by sustainable freshwater availability 
(Manez et al. 2012). Therefore new and novel methods are required for efficient and eco-friendly 
treatment of existing polluted resources of water (Kabra et al. 2013). Results clearly indicated 
that bioreactor favors the reuse of textile effluent in irrigation purposes.  
6.5 CONCLUSION 
Promising results obtained from designed bioreactor upscale the reuse of textile effluents after 
biotreatment.  On the basis of results it is concluded that bioreactor successfully reduced the 
toxicity level of textile effluents and can be used for irrigation purposes. This study will help to 
produce irrigation water from textile effluents at large scale in Pakistan by applying 
bioremediation.  
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Figure 6.1:  Lab scale closed type glass bioreactor for the biotreatment of textile 
effluents by bacterial consortium BMP1/SDSC/01   
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d 
Figure 6.2 a-d: Characteristics of textile effluent before and after Bioremediation and 
comparison with NEQs  
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Table 6.1: Colony Formation Ability (CFA) of indigenous bacterial isolates  
Bacterial 
isolates 
CFA of bacterial isolates after 24h incubation 
(Days) 
1 2 3 4 5 6 7 
Bacillus 
mycoides 
+ + + + + + + 
Bacillus 
cereus 
+ + + + + + + 
Bacillus 
subtilus 
+ + + + + + + 
Bacillus sp 
+ + + + + + 
+ 
 
Pseudomonas 
sp. 
+ + + + + + + 
Micrococcus 
sp. 
+ + + + + + + 
CFA of bacterial isolates after 24h incubation after the addition of acetic acid 
Bacillus 
mycoides 
- - - - - - - 
Bacillus 
cereus 
- - - - - - - 
Bacillus 
subtilus 
- - - - - - - 
Bacillus sp 
- - - -- - - 
- 
 
Pseudomonas 
sp. 
- - - - - - - 
Micrococcus 
sp. 
- - - - -- - - 
+Bacterial colony appeared; - Bacterial colony not appeared 
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Table 6.2: Effect of treated and untreated textile effluent on plant height (cm) of Zea mays L. CV C1415 and Sorghum vulgare Pers. CV.  
SSG-5000  
 Treatment 1st week 2nd week  3rd week 4th week 5th week 6th week 7th week 8th week 9th week 10th week 11th week 12th 
week 
Maize 
Control 
33.26 ± 
0.374a 
44.10± 
1.265a 
56.96± 
0.049a 
67.37± 
0.883a 
79.51± 
0.721a 
89.18± 
1.152a 
102.27± 
1.803a 
108.11± 
1.251a 
115.48±0.
735a 
121.11± 
1.258a 
127.17± 
1.654a 
131.47
± 
0.671a 
Untreated 
14.13± 
1.223c 
23.4± 
0.848b 
32.03± 
1.371c 
40.95± 
1.477c 
54.11± 
1.576c 
59.97± 
0.035c 
65.85± 
0.212c 
73.77± 
0.318c 
80.51± 
2.142b 
87.47± 
2.07b 
89.98± 
1.393c 
93.2± 
1.781c 
Treated 
24.35± 
0.912b 
37.99± 
1.407a 
47.84± 
0.219b 
57.93± 
1.506b 
71.51± 
2.13b 
82.39± 
2.276b 
91.33± 
0.947b 
101.15±1.
195b 
108.37±0.
883a 
114.34±0.9
33a 
117.6±1.9
79b 
124.41
± 
2.00b 
LSD 3.65 6.19 3.10 1.51 3.06 4.82 6.13 2.25 7.34 7.91 8.72 3.07 
Sorghum 
Control 
26.49 ± 
0.721a 
40.75± 
0.346a 
51.41± 
0.834a 
64.16± 
1.640a 
74.94± 
1.329a 
87.33± 
0.940a 
96.87± 
1.237a 
102.29± 
1.604a 
110.63± 
0.523a 
117.47± 
0.749a 
123.86± 
1.605a 
127.33
± 
0.947a 
Untreated 
12.21± 
0.304b 
20.73± 
0.374c 
33.39± 
1.972b 
41.94± 
1.329c 
51.65± 
0.494b 
58.55±0.6
29c 
63.99± 
1.421c 
69.16± 
1.187c 
72.49± 
2.135c 
77.32± 
0.954c 
84.25± 
1.774c 
85.1± 
1.583c 
Treated 
24.25± 
1.774a 
34.37± 
0.883b 
45.38± 
0.869a 
57.55± 
0.629b 
70.18± 
1.675a 
78.96± 
1.357b 
87.70± 
0.997b 
96.27± 
0.388b 
101.29±0.
997b 
107.43± 
0.806b 
112.32± 
0.954b 
115.36
± 
0.898b 
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LSD 5.40 1.30 7.02 5.29 5.02 5.36 6.33 3.71 3.57 0.46 7.72 6.23 
Mean followed by different letters in the table are significantly different at P≤0.05 according to Duncan’s multiple range test, ± standard 
deviation, LSD: least significance difference 
 
Table 6.3: Effect of treated and untreated textile effluent on number of leaves of Zea mays L. CV C1415 and Sorghum vulgare Pers. CV.  
SSG-5000  
 Treatmen
t 
1st week 2nd week 3rd week 4th week 5th week 6th week 7th week 8th week 9th week 10th week 11th week 12th 
week 
Maize 
Control 
2.74± 
0.226a 
3.86± 
0.084a 
4.88± 
0.021a 
5.48± 
0.169a 
6.17± 
0.106a 
5.94± 
0.926a 
7.23± 
0.190a 
8.77± 
0.098a 
9.66± 
0.233a 
10.65± 
0.205a 
10.97± 
0.176a 
11.4±0
.721a 
Untreated 
1.86± 
0.084b 
2.63± 
0.098b 
3.34± 
0.197b 
3.94± 
0.219b 
4.27± 
0.176b 
4.82± 
0.169a 
5.14± 
0.219b 
5.53± 
0.091c 
5.96± 
0.091c 
6.36± 
0.19c 
7.13± 
0.042b 
7.62±0
.176b 
Treated 
2.03± 
0.091b 
2.78± 
0.169b 
3.59± 
0.155b 
4.47± 
0.106b 
5.17± 
0.240b 
5.36± 
0.197a 
6.03± 
0.190b 
6.44± 
0.077b 
6.95± 
0.205b 
7.66± 
0.233b 
7.72 
±0.247b 
9.41 
±0.862
ab 
LSD 0.67 0.57 0.77 0.75 0.92 2.40 1.02 0.46 0.96 1.08 0.65 3.42 
Sorghum Control 
2.67± 
0.12a 
3.43± 
0.09a 
4.79± 
0.127a 
5.16± 
0.091a 
5.74± 
0.063a 
6.30± 
0.148a 
7.07± 
0.247a 
6.98± 
0.162a 
7.64± 
0.197a 
7.7± 
0.282a 
8.42± 
0.106a 
8.90 
±0.134
a 
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Untreated 
1.56± 
0.05b 
2.38± 
0.16c 
3.79± 
0.134b 
3.97± 
0.176b 
4.75± 
0.129c 
5.11± 
0.296b 
5.18± 
0.162b 
5.90± 
0.148b 
6.34± 
0.084b 
7.01± 
0.304a 
7.48± 
0.113b 
8.12±0
.169b 
Treated 
2.01± 
0.28ab 
2.93± 
0.09b 
3.41± 
0.120b 
4.34± 
0.07b 
5.21± 
0.155b 
5.47± 
0.035b 
5.84± 
0.077b 
6.47± 
0.106ab 
6.74± 
0.226ab 
7.17± 
0.176a 
7.78± 
0.021b 
8.62±0
.16ab 
LSD 0.96 0.17 0.62 0.58 0.34 0.72 0.93 0.73 0.93 1.35 0.48 0.76 
Mean followed by different letters in the table are significantly different at P≤0.05 according to Duncan’s multiple range test, ± standard 
deviation, LSD: least significance difference 
 
 
Table 6.4: Effect of treated and untreated textile effluent on number of nodes of Zea mays L. CV C1415 and Sorghum vulgare Pers. CV.  
SSG-5000  
 Treatment 1
st week 2nd week 3rd week 4th week 5th week 6th week 7th week 8th week 9th week 10thweek 11th 
week 
12th 
week 
Maize 
Control 
3.04 
±0.077a 
4.01± 
0.127a 
5.14± 
0.197a 
5.73± 
0.240a 
6.10± 
0.148a 
7.00± 
0.148a 
7.61± 
0.155a 
8.13± 
0.190a 
8.48± 
0.028a 
9.01± 
0.155a 
9.38± 
0.021a 
9.89± 
0.148a 
Untreated 
2.11 
±0.155b 
2.47± 
0.035b 
3.09± 
0.148b 
4.04± 
0.056b 
4.53± 
0.098b 
4.74± 
0.219b 
5.03± 
0.091c 
5.47± 
0.106c 
5.76± 
0.056c 
6.17± 
0.240c 
6.09± 
0.014c 
6.62± 
0.176c 
Treated 2.60 3.14± 3.44± 4.30± 4.69± 5.33± 5.98± 6.27± 6.43± 7.02± 7.21± 7.57± 
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±0.148ab 0.205b 0.077b 0.148b 0.148b 0.049b 0.113b 0.106b 0.091b 0.176b 0.162b 0.098b 
LSD 0.57 0.74 0.79 0.87 0.68 0.82 0.57 0.21 0.14 0.19 0.45 0.73 
Sorghum 
Control 
2.95 
±0.219a 
3.26± 
0.091a 
4.62± 
0.247a 
5.17± 
0.240a 
5.19± 
0.148a 
5.63± 
0.098a 
6.10± 
0.148a 
6.09± 
0.148a 
6.63± 
0.084a 
6.98± 
0.162a 
7.51± 
0.120a 
8.17± 
0.240a 
Untreated 
2.11 
±0.155a 
2.35± 
0.077b 
3.09± 
0.134b 
3.21± 
0.021b 
 
4.17± 
0.247b 
 
4.33± 
0.091b 
4.87± 
0.042b 
5.54± 
0.084b 
6.21± 
0.155ab 
6.62± 
0.176a 
6.60± 
0.134b 
6.83± 
0.091b 
Treated 
2.18 
±0.169a 
2.68± 
0.162ab 
3.09± 
0.155b 
3.60± 
0.134b 
4.03± 
0.098b 
4.92± 
0.169b 
5.23± 
0.098b 
5.61± 
0.120b 
5.8± 
0.141b 
6.25± 
0.077a 
6.47± 
0.042b 
7.04± 
0.063b 
LSD 0.90 0.62 0.86 0.81 0.93 0.66 0.56 0.14 0.68 0.75 0.21 0.72 
Mean followed by different letters in the table are significantly different at P≤0.05 according to Duncan’s multiple range test, ± standard 
deviation, LSD: least significance difference.  
Table 6.5: Effect of treated and untreated textile effluent on transpiration and photosynthetic rate of Zea mays L. CV C1415 and 
Sorghum vulgare Pers. CV.  SSG-5000  
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Crops 
Transpiration (E) Photosynthesis (A) 
Control Untreated Treated LSD Control Untreated Treated LSD 
Maize 0.96±0.01a 0.41±0.01b 0.84±0.02c 0.12 19.52±0.82a 9.11±0.15b 16.95±0.35c 4.01 
Sorghum 0.56±0.02a 0.32±0.01b 0.51±0.03c 0.09 15.25±0.38a 8.73±0.12b 13.29±0.51c 
3.87 
 
 
Mean followed by different letters in the table are significantly different at P≤0.05 according to Duncan’s multiple range test, ± standard 
deviation, LSD: least significance difference 
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Table 6.6: Effect of treated and untreated textile effluent on total fresh and dry weight of Zea mays L. CV C1415 and Sorghum vulgare 
Pers. CV.  SSG-5000  
 Treatment Fresh weight (g) 
 
Dry weight (g) 
  
Root Shoot Leaves Total Root Shoot Leaves Total 
Maize Control  33.71± 
0.452a 
59.08± 
1.357a 
50.07± 
0.134a 
142.86± 
1.675a 
20.10± 
1.407a 
18.98± 
0.049a 
20.31± 
0.926a 
59.40± 
2.28a 
Untreated 18.58± 
1.004c 
25.45± 
1.025c 
39.97± 
1.640b 
84.00± 
0.388c 
16.20± 
1.110a 
15.12± 
1.364a 
14.05± 
0.091c 
45.38± 
0.346b 
Treated 22.61± 
1.166b 
40.51± 
0.756b 
36.17± 
0.721b 
99.3± 
1.131b 
14.8± 
0.989a 
12.42± 
1.774a 
16.84± 
1.308b 
44.07± 
1.456b 
LSD 3.84 5.33 5.29 6.26 6.11 6.77 2.68 8.05 
Sorghum Control  30.29± 
1.435a 
54.48± 
0.728a 
49.1± 
1.286a 
133.88± 
1.994a 
16.55± 
1.251a 
16.81± 
1.110a 
19.49± 
2.283a 
52.86± 
0.077a 
Untreated 19.44± 
1.788b 
22.92± 
2.085c 
35.18± 
1.598b 
77.55± 
1.895c 
15.60± 
0.558ab 
12.52± 
2.057b 
15.53± 
1.986c 
43.66± 
0.629b 
Treated 20.55± 
0.905b 
38.27± 
1.025b 
35.99± 
1.548b 
94.37± 
0.254b 
14.10± 
1.421b 
12.71± 
1.810b 
17.62± 
1.972b 
44.45± 
1.286b 
LSD 6.30 3.07 7.51 8.38 1.97 2.11 0.76 2.60 
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Mean followed by different letters in the table are significantly different at P≤0.05 according to Duncan’s multiple range test, ± standard 
deviation, LSD: least significance difference. 
 
 
 
 
 
 
 
. 
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CHAPTER # 7 
GENERAL DISCUSSION  
 
A large number of textile dyes released by the textile industry create challenges to environmental safety, because they are widely used in 
different processes during fabric formation. Present textile effluent treatment procedures are not capable to eliminate recalcitrant and mutagenic 
textile dyes completely, because of their color fastness, constancy and resistance to degradation. Physico-chemical methods used for color 
removal from textile effluents have high operational cost and produce much more sludge and waste (Kumar et al. 2006). Degradation and 
decolorization of these dyes by indigenous bacteria under certain environmental conditions has gained impetus as a method of treatment. The 
biotreatment by bacteria is economical and environmental friendly. Decolorization efficiency depends on the adaptation and mode of action of 
chosen microbes for treatment. Hence, various species of microbes have been tested to decolorize and mineralize different dyes. Biodegradation 
of dyes is important aspect in treatment of textile effluent (Chen et al. 2008). Bioremediation of textile effluent involves acclimatization of 
microbes to the toxic textile dyes which are then converted to different non-toxic compounds. In the present study, Bacillus subtilus, Bacillus 
cereus, Bacillus mycoides, Bacillus sp., Micrococcus sp. and Pseudomonas sp. were isolated from textile effluent, sludge and textile effluent 
affected soil. Genetically modified bacteria are also used for bio-treatment, but their frequent use creates two basic problems, firstly, co-
existence with natural bacterial communities and secondly WHO regulations (Drobnõk 1999). Therefore, indigenous bacteria are preferred over 
genetically modified bacteria. The isolation of good dye-decolorizing species for biotreatment requires screening of isolated strains with ability 
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to degrade and detoxify textile dyes (Silveira et al. 2009). The results of present study showed that 200 ppm of textile dyes (red, green, black and 
yellow) were decolorized up to 74 to 79 % by Bacillus subtilus, Bacillus cereus, Bacillus mycoides, Bacillus sp., Micrococcus sp. and 
Pseudomonas sp. (individually) within 72 hours. However, Wang et al. (2013) reported that 100 ppm of ‘reactive black 5’ was decolorized by 
Bacillus sp. YZU1 upto 95% within 120 hours. Klebsiella, Bacillus, Salmonella and Pseudomonas sp. showed 89% decolorization of orange 3R 
at 200 ppm within 144 hours (Ponraj et al. 2011). So increasing the treatment time from 72 hrs is expected to further enhance decolorization 
percentage of dyes. 
A number of dyes are used in textile industry, therefore effluent varies in composition. So isolated bacterial strains used for 
decolorization should have capability to decolorize structurally different dyes (Sivaraj et al. 2011). Incomplete degradation of textile dyes 
resulted into carcinogenic aromatic amines, their biodegradation require a specific community of bacteria called consortium. In consortium, the 
individual bacteria may attack the dye molecule by different ways (Chang et al. 2004; Saratale et al. 2009). Research indicated that isolation of 
single strain of bacteria is difficult and time consuming from wastewater for the effective decolorization and degradation (Saratale et al. 2011). 
Mao et al. (2012) supported the heterogeneity of the bacterial community for degradation and detoxification of textile dyes. Among four 
consortia developed in present study Consortium BMP1/SDSC-01 (Bacillus subtilus, Bacillus cereus, Bacillus mycoides, Bacillus sp., 
Micrococcus sp. and Pseudomonas sp.) showed higher efficiency in detoxification and decolorization of textile dyes. Studies reported that 
individual strains differ significantly in their decolorization ability towards dyes. This might be due to the number of factors like, structure of 
dye, bio-availability of dye, toxicity, bacterial genes and metabolic pathways.  In the present study the decolorization of all dyes by consortia 
was up to 85%. Whereas, maximum degradation by individual bacteria was shown by Bacillus sp. Khouni et al. (2012) successfully decolorized 
reactive dyes up to 70% with the use of “Bx” microbial consortia. Similarly, Joshi et al. (2010) explored the potential of consortia. Their 
consortium was able to degrade 8 textile dyes in 3.5h at static condition. The mechanism involved in azo dye (having dangerous aromatic 
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amines) degradation is the breakage of double bond (azo bond) by azoreductase. Degradation of these harmful amines results in anaerobic or 
aerobic conditions (Chang et al. 2004). 
Number of abiotic conditions influences the decolorization ability of bacterial strains, thus it is very important to optimize the different 
conditions to get maximum and efficient decolorization. Factors or conditions that influence are; temperature, pH, concentration of dyes, 
presence and absence of carbon source, etc. Research showed that pH has a significant impact on decolorization process and to maximize 
process it is necessary to get optimal pH which is mostly in the range of 6.0-10.0 (Chen et al. 2003).  Hence, increase and decrease in pH slowes 
the color removal and at optimal pH it gets faster (Wang et al. 2013). It is considered that dye molecules transportation across cell membrane 
would be linked with pH (Chen et al. 2003; Xu et al. 2007). The consortium BMP1/SDSC-01 exhibited decolorization of all the dyes at pH 7.5 
up to 85%. Further increase or decrease in pH lead to decrease in decolorization. This pH specificity is due to the sensitivity of enzymes towards 
pH. Temperature is an important factor that affects the degradation and decolorization of textile dyes by isolated bacteria. The activation energy 
to decolorize dyes is dependent upon optimum temperature. In bacterial physiology, alteration in temperature leads to an abrupt change of the 
activation energy (Yu et al. 2001). In decolorization of azo dyes rate of decolorization increased up to 45 oC, afterwards decline in process was 
observed. The higher temperature denatures the bacterial reductase enzyme and losses the viability of cell. Lv et al. (2013) reported efficient 
decolorization of malachite green by D. radiodurans at uoto 45 oC. The decolorization of all the dyes and mixture was up to 85% at 37oC 85% 
and 82% respectively. Further increase in temperature leads to decrease in decolorization. This specificity is due to the sensitivity of enzymes 
towards temperature (Wang et al. 2013). 
Presence of different supplements enhances the decolorizing ability of consortium. On supplementing urea, decolorization percentage 
was up to 89%. On supplementing sodium chloride the consortium decolorized up to 94 % of dyes within 24 hours. Starch supplement did not 
affect the decolorization of dyes. Ammonium chloride and ascorbic acid also increased the decolorization. High or low salt concentrations affect 
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osmotic pressure in bacterial cells and leads to growth inhibition and cell death (Kolekar et al. 2008). Similar response of supplements was 
shown by Wang et al. (2013). Similar inhibiting and enhancement in decolorization was reported by Moosvi et al. (2007) and Saratale et al. 
(2009). Azo dye decolorization generally requires complex organic sources, such as yeast extract, peptone, or a combination of complex organic 
sources and carbohydrates (Khehra et al., 2005). In anaerobic acidogenic consortia, bacteria convert the soluble substrates (carbohydrates) to 
volatile organic acids (acetic acid) or alcohols (methanol). These act as competitive substrates for methanogenic, sulfate reducing, and 
acetogenic bacteria (Yoo et al. 2001; Georgiou et al. 2004). In contrast, addition of the organic nitrogen sources (peptone, beef extract, urea, 
yeast extract) regenerate NADH, which acts as an electron donor for the reduction of azo dyes (Chang et al., 2004).  Decolorization of textile 
dyes depends on number of bacterial enzymes. Bacteria are the source of reductases and oxidases (used to degrade the dyes). Escherichia coli 
CD-2 was used to purify an oxygen insensitive azoreductase having characteristics of textile dye degradation. Once a textile dye is reduced by a 
reductase, it cannot be re-oxidized to form colorant (Cui et al. 2012; Yang et al. 2013).  
The present study also evaluated the use of a bacterial consortium for decolorization and reduction of pollutant from textile effluent. The 
reason for effective decolorization by consortia (BMP1/SDSC-01, BMP2/SDSC-02 and BBP/SDSC-03) might be associated with the combined 
metabolic activities and interactions of these bacterial isolates. The results of the current study were comparable to the research conducted by 
Joshi et al. (2010) and Kaur et al. (2010). The high levels of COD in the textile effluents indicated the toxicity level of pollution (Dawkar et al. 
2010) which is very harmful for the whole aquatic ecosystem. The COD of the industrial effluent mainly depends upon the organic load of the 
effluent. The reduction in COD and BOD after treatment with consortium BMP1/SDSC-01 was consequent of the removal of organic load and 
ultimately the toxicity (Ong et al. 2012). The exceeded permissible limits of pollution parameters reduced the natural process of bioremediation. 
The concentration of the solids in textile effluent was another matter of concern and the carcinogenic effect of the dyes adds to it. The results of 
the present study indicated that the consortium BMP1/SDSC-01 can be used for the treatment of such waters. Reduction in the concentration of 
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TDS and TSS were near 50% due to degradation of these solids by the bacteria present in the consortium. The results were in accordance with 
with those as observed in other studies (Ali et al. 2009; Kumar et al. 2010). The uses of metal containing dyes contribute high metal 
concentration in textile effluent, which causes a lot of problems associated with human and ecosystem health. The bacterial response to the 
presence of metals includes processes such as biosorption, active cell transport and enzymatic binding (Rehman et al. 2008, Zahoor and Rehman 
2009; Shakoori et al. 2010). Efficiency of consortia might be associated with different specificity of the metals towards binding sites on the 
bacterial cells. Hence bacterial consortia not only exhibited the ability to survive in metal contaminated textile effluent (Guo et al. 2010) but also 
demonstrated remediation of toxic heavy metals (Cu, Cd, Cr, Ni, Mn & Pb). The consortium BMP1 markedly reduced the concentration of Cu, 
Cd, Cr, Ni, Mn & Pb. It might be due to the proteins induced during stress period (Nies 2003). Therefore bacterial consortium BMP1 can be used 
for the removal of Cu, Cd, Cr, Ni, Mn & Pb and have a potential to reduce these toxic heavy metals. 
The water bodies used for irrigation purposes contain untreated effluent from dyeing industry. This practice is of great environmental 
concern as it is associated with biotic and ecosystem health. Biodegradation of effluent leads to generation of various metabolic products. 
Therefore, it is virtually important to study the toxicity impact of these degraded products on plants (Kalyani et al. 2008). Results obtained with 
red, green, black and yellow dyes and their degradation products are in agreement with results reported by Saratale et al. (2009) and Phugare et 
al. (2011). The result indicates that the extracted degraded products by consortium gave nontoxic products, resulting in good germination, length 
of plumule and radicle of Zea. mays and Sorghum vulgare. Thus, phytotoxicity studies revealed that the biodegradation of the red, green, black 
and yellow dyes by the consortium led to detoxiﬁcation of the pollutants. The toxicity of effluent in plants causes growth inhibition, reduced 
photosynthesis and transpiration, decrease in roots and shoots length. Stomatal conductance in most of plants is affected by toxic pollutants 
present in effluent. Toxic effluent also reduces fresh and dry weight of the plants. The result clearly indicated that biotreated textile effluents 
because less toxic as compared to untreated effluents.  Similar findings were reported by Phugare et al. (2011). Toxicity of textile dyes is not 
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restricted to plants only but also adversely effects animals (Soni et al. 2008). Exposure to these toxic textile leads to chromosomal alteration, 
DNA mutation, abnormal sperm, foetus loss, birth defects and altered sex ratio in mammals. The treatment of textile effluents by bacterial 
consortium can be used effectively in reducing these adverse effects (Gomes et al. 2012). The results advocate that using consortium 
BMP1/SDSC-01(having six indigenous bacterial isolates: Bacillus subtilus, Bacillus cereus, Bacillus mycoides, Bacillus sp., Micrococcus sp. 
and Pseudomonas sp.) to treat textile effluents in glass bioreactor is safe and feasible in practical applications. The study revealed the reuse 
potential of effluents for irrigation after treatment as current sources are depleting, but it requires regular monitoring (Augustine 2009). Water 
scarcity has a great impact on human life as it becomes one of the most pressing problems.  
A textile industry having 100 kg per day production of fabric discharges approximately 15 m3of effluents (Jadhav et al. 2010). The 
results of the current study have revealed 85% color removal by the bacterial consortium BMP1/SDSC-01 after 24 h. So a biotreatment system 
comprising of 3 bioreactors of 15 m3 capacity used in series are proposed. First tank will be for collecting and mixing the effluent and to bring its 
temperature (32-37 oC) and pH (7.5-8.5) to optimum levels as suggested by this study. The effluent will be inoculated using the bacterial 
consortium. On the basis of the results of the current study it is recommended that inoculum should be added at the rate of 100 L/ m3 and 
addition of acetic acid at the rate of 50 ml/m3 for the obliteration of bacteria. After 24 h the effluent will be shifted to the 2nd tank and 
temperature will be maintained for another 24 h to provide sufficient time to bacteria for the biotreatment of the effluent. After that the treated 
effluent will be sent to a third tank, acetic acid will be added and allowed to mix well. After 24 h it will be drained out to the main drain after 
monitoring the effluent parameters according to National Environmental Quality Standards. The process will take 72 h for the complete 
treatment treated effluent (Figure 7.1).  
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Figure 7.1: Proposed scheme of biotreatment system using indigenous bacterial consortium BMP1/SDSC-01 
 
The operational cost of such a biotreatment system is estimated to be PKR 9,336/m3 (Table 7.1). The present day advanced treatment 
technologies such as membrane processes, ion exchange, activated carbon adsorption etc. can only transfer pollutants from one form to another 
form instead of removing the pollutants from effluents and produces large amount of sludge. These methods are more expensive as compared to 
biotreatment. Cost evaluation is an important aspect of any process implementation and success. Literature indicated that ozonation costs (PKR) 
57,245/m3, UV/H2O2 costs 48,792/ m
3, UV/O3 costs 92,876/ m
3 and UV/O3/H2O2 costs 12,0375/ m
3 (Yonar et al. 2005; Yonar, 2010). All these 
processes are expensive than the proposed biotreatment system. The results of current study suggest that biotreatment using indigenous bacteria 
is both environmentally and economically suitable option for the treatment of textile effluents. Efficiency of the process can be significantly 
increased by extracting reductases enzymes from the bacteria and used in biotreatment for enzymatic treatment of textile effluent.  
Table 7.1: Estimated operational cost of biotreatment system using indigenous bacterial consortium BMP1/SDSC-01 (for 15m3 effluent) 
 
Processes Cost (PKR) 
Inoculum preparation 
 i.Cost of medium 
 ii.Electricity cost of Autoclaving 
 iii.Electricity cost of incubation 
 
129,000 
5,200 
5,200 
Bioreactors  
i. Mixing 
 ii.Temperature maintenance 
 
7,800 
19,500 
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 iii.Cost of acetic acid 640 
Total  167,340 
Per m3 cost 11,156 
 
 
 
 
 
 
 
7.1 CONCLUSIONS 
Textile effluent causes environmental degradation and health issues in living organisms as the toxicants present in effluent are carcinogenic and 
mutagenic. Treatment of textile effluent by conventional techniques is not cost effective and environmental friendly. The current study reveals 
that bioremediation by using indigenous bacteria can cause effective degradation and decolorization of textile dyes. It was also found to be 
effective for the removal of other pollution parameters. Consortium BMP1/SDSC-01 consisting of Bacillus subtilus, cereus, mycoides, Bacillus 
sp., Micrococcus sp. and Pseudomonas sp. exhibited immense potential to treat textile dyes present in the effluent, revealed good decolorization, 
degradation and detoxification of red, green, black, yellow dyes and mixture of all these dyes. The use of sodium chloride, ammonium chloride 
and ascorbic acid enhanced the decolorization ability of consortium BMP1/SDSC/01. Phytotoxicity studies on Z. mays and S. vulgare revealed 
that consortium used in the experiment detoxified the pollutants efficiently. Thus, consortium BMP1/SDSC-01 could be the best biological tool 
for bioremediation purposes. On the basis of results, it can be concluded that isolated indigenous bacteria successfully reduced toxicity level of 
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textile effluents that can be used for irrigation purposes. The research findings showed that bacterial treatment can provide eco-friendly solution 
to the decolorization and detoxification problems of textile dyestuff and effluents. 
 
7.2 RECOMMENDATIONS 
The present study attempted to solve many research questions regarding the textile effluent treatment by indigenous bacteria.  
 
There are following recommendations for future research: 
1. Study of enzymatic kinetics of the consortium and the individual isolates. 
2. Characterization and classification of the metabolites of red, green, black and yellow dyes. 
3. Extraction of different reductases from indigenous bacteria for commercial use. 
4. Improving techniques from laboratory to industrial scale application of biotreatment of textile effluents using indigenous bacteria. 
5. To evaluate the effect of biotreated textile effluent on organisms belonging to different trophic levels. 
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